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Growth  and  Salt  Uptake  of  Date  Seedlings  in  Relation  to 
Salinity  of  the  Irrigation  Water 

By  J.  R.  FURR  and  C.  L.  REAM 

Crops  Research  Division,  Agricultural  Research  Service, 

U.  S.  Department  of  Agriculture,  U.  S.  Date  and  Citrus  Station, 

Indio,  California  92201 


INTRODUCTION 

Field  experiments  to  determine 
the  influence  of  several  levels  of 
soil  salinity  on  growth  and  salt  up- 
take of  young  date  palms,  Phoenix 
dactylifera  L.,  were  recently  re- 
ported (2).  In  these  tests,  some  date 
roots  grew  under  the  trenches  be- 
tween plots  and  were  thus  exposed 
to  salinity  conditions  different  from 
those  maintained  in  the  respective 
plots  from  which  they  had  grown. 
Because  of  this  possible  source  of 
error  and  also  because  only  pinna 
samples  were  analyzed  to  determine 
salt  accumulation,  we  thought  it 
would  be  desirable  to  compare  the 
results  obtained  in  the  field  tests 
with  those  from  similar  tests  con- 
ducted on  potted  seedlings  in  the 
greenhouse  under  controlled  condi- 
tions. We  also  wished  to  sample 
entire  plants,  rather  than  only  pin- 
nae, for  chemical  analysis. 

This  paper,  accordingly,  reports 
the  results  of  greenhouse  experi- 
ments with  seedlings  of  two  varie- 
ties of  date  to  determine  the  influ- 
ence of  several  levels  of  salinity  on 
growth  in  relation  to  salt  accumu- 
lation. 

MATERIALS  AND  METHODS 

Seed  of  the  varieties  ‘Deglet 
Noor’  and  ‘Medjool’  were  planted 
in  plastic  pots  in  a medium  of  equal 
volumes  of  peat  moss  and  vermi- 
culite.  The  seedlings  were  grown  in 
a greenhouse  where  daily  tempera- 
tures usually  ranged  between  60F 
and  95F,  with  an  occasional  maxi- 
mum of  100F.  They  were  watered 
for  6 months  with  Hoagland’s  nut- 
rient solution  (5)  or  with  tap  water 
that  contained  22  parts  per  million 
(ppm)  of  sodium  (Na)  and  11  ppm 
of  chlorine  (Cl).  Just  before  salin- 
ity treatments  were  started  on  Ap- 
ril 2,  1965,  the  plants,  which  had 
two  mature  leaves,  were  thinned  to 
four  or  five  per  pot. 

The  salinity  treatments  were  the 
same  as  those  applied  to  young 
Deglet  Noor  and  Medjool  palms 
grown  in  field  plots  (2),  except  that 
the  salts  required,  sodium  and  cal- 
cium chlorides  in  equivalent  a- 
mounts,  were  added  to  V3  strength 
Hoagland’s  nutrient  solution  made 
up  with  tap  water. 

The  control  plants  were  watered 
with  Y3  strength  Hoagland’s  nutri- 
ent solution.  The  four  salinity  treat- 
ments consisted  of  watering  with 
solutions  containing  total  salt  con- 
centrations of  6,000,  12,000,  18,000 


or  24,000  ppm  total  salt.  The  solu 
tions  were  made  up  from  the  esti- 
mated weights  of  salts  needed,  but 
since  their  purity  and  moisture 
content  varied,  the  approximate 
concentrations  were  estimated  from 
electrical  conductivity  determina- 
tions and  the  graph  in  Figure  3 of 
the  United  States  Department  of 
Agriculture  Handbook  No.  60  (7) 
that  shows  the  relationship  between 
concentration  of  sodium  and  calci- 
um chloride  solutions  and  electrical 
conductivity  ( EC-f  10!  at  25C) . The 
approximate  salt  content,  the  elec- 
trical conductivity, and  the  estimated 
osmotic  pressure  of  the  l/3  strength 
Hoagland’s  solution  applied  to  con- 
trol plants  and  of  the  salt  solutions 
applied  under  the  four  salinity 
treatments  are  listed  in  Table  1. 

Treatments  were  replicated  10 
times.  One  pot. of  Deglet  Noor  and 
one  pot  of  Medjool  seedlings  were 
placed  in  each  plot,  and  the  ar- 
rangement of  plots  on  the  green- 
house bench  was  in  two  5x5  Latin 
squares.  The  pots  were  watered 
every  1 or  2 days  as  needed,  with 
such  liberal  amounts  of  solution  as 
to  cause  copious  drainage  and  thor- 
ough flushing  out  of  the  rooting 
medium.  At  the  start  of  the  salt 
treatments,  the  concentration  of  salt 
solution  applied  was  increased  by 
6,000  ppm  per  day  until  the  plants 
under  each  treatment  were  receiv- 
ing solutions  of  the  assigned  con- 
centration. Leaf  growth  rate  was 
determined  at  intervals  of  1 or  2 
weeks  by  measuring  the  length  of 
an  immature,  labeled  leaf  in  each 
pot.  As  labeled  leaves  reached 
about  % the  length  of  mature 
leaves,  younger  ones  were  selected 


for  measurement.  The  duration  of 
the  salinity  treatments  from  the 
time  plants  in  all  treatments  were 
receiving  salt  solutions  of  the  des- 
ignated strength  was  54  days.  At 
the  end  of  the  test  some  leaves  on 
many  plants  were  dying  back  at 
the  tips.  Some  of  this  seemed  to  be 
related  to  salt  treatment,  so  the 
total  length  of  dead  leaf  tips  on 
plants  under  each  treatment  was 
measured. 

At  the  termination  of  the  experi- 
ment on  May  27,  1965,  the  plants 
were  removed  from  the  pots  and 
most  of  the  adhering  peat-vermieu- 
lite  medium  washed  off  by  hosing 
with  tap  water.  Many  small  root- 
lets had  grown  through  or  adhered 
to  particles  of  the  culture  medium, 
which  had  to  he  picked  off  the 
roots  by  hand.  Many  of  the  fibrous 
roots  were  lost  because  of  the  dif- 
ficulty in  separating  them  from  the 
culture  medium.  A few  roots  had 
grown  through  the  drainage  holes 
in  the  sides  of  the  pots  and  some 
had  penetrated  the  cracks  between 
the  boards  of  the  greenhouse  bench. 
This  was  a source  of  error  not  ob- 
served until  the  pots  were  removed 
for  sampling.  The  tops  and  roots 
were  washed  with  tap  water  as 
quickly  as  possible  to  avoid  exces- 
sive leaching  and  blotted  with  tow- 
eling; then  roots  and  tops  were  sep- 
arated and  placed  in  paper  hags 
for  drying  in  a forced  draught  oven 
at  65C.  Each  sample  consisted  of 
the  tops  or  the  roots  of  the  four  or 
five  plants  from  one  pot.  The  dry 
samples  were  weighed,  ground,  and 
analyzed  for  chlorides  by  electro- 
metric titration  and  for  sodium  by 
flame  photometry. 


TABLE  1.  Approximate  salt 
estimated  osmotic  pressure  of 

content,  electrical  conductivity  (EC  X 1 03  at  25C)  and 
irrigation  water  applied  to  date  seedlings 

Treatment: 

Electrical 

Estimated 

approximate 

conductivity 

osmotic 

salt  content 

(EC  X 1 O’  at  25C) 

pressure 

(ppm) 

( mmhos  /cm) 

(atmospheres) 

520  (control) 

1.1 

0.3 

6,000 

11.0 

3.7 

12,000 

20.0 

7.1 

18,000 

29.5 

9.8 

24,000 

38.0 

14.2 
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TABLE  2.  Average  chloride  and  sodium  content  of  dry  tops  and  roots  of  ‘Deglet 
Noor’  and  ‘Medjool’  seedlings  in  relation  to  salinity  of  the  irrigation  water1 


RESULTS 


‘Deglet  Noor' 

‘Medjool’ 

Treatment: 
salt  content 

Tops 

Roots 

Tops 

Roots 

of  water 

Cl 

Na 

Cl 

Na 

Cl 

Na 

Cl 

Na 

(ppm) 

% 

% 

% 

% 

% 

% 

% 

% 

Control 

1.17  a 

0.06  a 

2.54  a 

0.57  a 

1.21  a 

0.07  a 

2.65  a 

0.70  a 

6,000 

1.41  b 

0.13  b 

4.13  b 

1.17  b 

1.36  b 

0.13  b 

4.33  b 

1.34  b 

12,000 

1.45  be 

0.18  c 

4.31  b 

1.30  be 

1.32  b 

0.14  b 

4.45  b 

1.40  b 

18,000 

1.53  be 

0.23  d 

4.34  b 

1.34  c 

1.40  be 

0.18  c 

4.48  b 

1.44  b 

24,000 

1.59  c 

0.27  e 

4.31  b 

1.40  c 

1.49  c 

0.23  d 

4.64  b 

1.50  b 

' Averages  having  different  letters  are  significantly  different  at  the  5%  level 
of  probability. 


TABLE  3.  Comparative  accumulation  of  chloride  and  sodium  in  roots  and  tops  of 
Deglet  Noor'  and  ‘Medjool’  seedlings  in  relation  to  salinity  of  the  irrigation  water 


‘Deglet  Noor' 

‘Medjool’ 

Treatment: 

Ratios: 

Ratios : 

salt  content 

Cl  in  roots 

Na  in  roots 

Cl  in  roots 

Na  in  roots 

Cl  in  tops 

Na  in  tops 

Cl  in  tops 

Na  in  tops 

(ppm) 

Control 

2.17 

9.50 

2.19 

10.00 

6,000 

2.93 

9.00 

3.18 

10.30 

12,000 

2.97 

7.22 

3.37 

10.00 

18,000 

2.84 

5.83 

3.20 

8.00 

24,000 

2.71 

5.19 

3.12 

6.52 

TABLE  4.  Average  leaf  growth  rate1  and  average  dry  weight2  of  ‘Deglet  Noor'  and 


‘Medjool’ 

seedlings 

in  relation  to  salinity 

of  the 

irrigation 

water 

'Deglet  Noor’ 

‘Medjool’ 

Treatment: 

Growth 

Dry  wt. 

Growth 

Dry  wt. 

Mm  per 

% of 

% of 

Mm  per 

% of 

% of 

day 

control 

Gms  control 

day 

control 

Gms  control 

(ppm) 

Control 

7.4  a! 

100 

4.35  a 

100 

6.4  a 

100 

5.07  a 

100 

6,000 

4.5  b 

65 

3.15  b 

72 

4.5  b 

72 

4.44  b 

88 

12,000 

3.1  c 

46 

2.81  be 

65 

2.6  c 

42 

3.84  c 

76 

18,000 

2.3  c 

27 

2.69  be 

62 

2.1  d 

33 

3.45  cd 

68 

24,000 

1.3  d 

18 

2.42  c 

56 

1.1  e 

18 

3.12  d 

62 

' Avg.  leaf  growth  rate  = avg.  elongation  of  immature  leaves  as  millimeters 
per  day. 

1 Avg.  dry  weight  = avg.  dry  weight  per  plant  of  top  plus  all  roots  recovered. 

5 Averages  having  different  letters  are  significantly  different  at  the  5%  level 
of  probability. 

- 3 - 


The  results  of  chemical  analyses 
of  tops  and  roots  show  that  the 
large  variations  in  concentration  of 
salt  in  the  irrigation  water  had  re- 
markably little  effect  upon  the  a- 
mount  of  Cl  and  Na  that  accumu- 
lated in  the  plants  under  the  dif- 
ferent salinity  treatments  (Table 
2).  The  general  trend  of  accumu- 
lation of  Cl  and  Na  ions  in  the 
plants  was,  as  would  be  expected, 
an  increase  as  the  salt  concentra- 
tion of  the  irrigation  water  in- 
creased, but  the  accumulation  of 
Cl  and  Na  in  the  plants  was  far 
from  proportional  to  the  concen- 
tration of  those  ions  in  the  water 
with  which  the  plants  under  the  dif- 
ferent treatments  were  irrigated.  A 
fourfold  increase  in  concentration 
of  total  salt,  mostly  calcium  and 
sodium  chlorides,  in  the  irrigation 
water  less  than  doubled  the  concen- 
tration of  Cl  in  the  tops  or  roots  of 
either  variety  and  only  about  dou- 
bled Na  in  the  tops,  but  not  in  the 
roots.  With  increasing  salt  content 
of  the  irrigation  water,  there  was 
a somewhat  more  consistent  in- 
crease in  the  Na  content  than  in 
Cl  content  in  the  tops  of  seedlings 
of  both  varieties.  In  the  Deglet 
Noor  seedlings,  in  fact,  there  was 
a significant  difference  between  all 
treatments  in  Na  content  of  tops. 

The  amounts  of  Cl  and  Na  found 
in  roots  as  compared  to  tops  show 
that  the  roots  accumulated  two  or 
three  times  as  much  Cl  and  five  to 
10  times  as  much  Na  as  the  tops 
(Table  3).  With  increasing  salt 
content  of  the  substrate  and  in- 
creasing amounts  of  sodium  ac- 
cumulated in  the  roots,  the  differ- 
ences in  amounts  of  Na  accumu- 
lated by  roots  and  tops  became  less. 
In  the  Medjool  seedlings,  for  ex- 
ample, roots  of  plants  under  the 
6,000  ppm  treatment  had  10.3  times 
as  much  Na  as  the  tops,  but  roots 
of  plants  under  the  24,000  ppm 
treatment  had  only  6.5  times  as 
much  Na  as  the  tops.  This  sug- 
gests that  at  relatively  low  levels 
of  Na  accumulation  in  the  roots 
there  is  proportionately  less  trans- 
location into  the  tops  than  at  rela- 
tively high  levels  of  Na  accumu- 
lation in  the  roots.  Similar  marked 
differences  in  Na  accumulation  in 
roots  and  tops  have  been  found  in 
other  plants,  e.g.,  beans  and  corn; 
but  why  Na  translocation  from 
roots  to  tops  is  restricted  in  some 
kinds  of  plants  and  not  in  others 
is  not  understood  (3,  6,  8). 

The  average  rate  of  leaf  elon- 
gation of  plants  under  salt  treat- 
ment, as  compared  with  that  of 
control  plants,  showed  that  during 
the  first  5 days  after  plants  in  all 
treatments  were  receiving  salt  so- 
lutions of  the  full  strength  assigned 
to  them  the  average  growth  rate  of 
all  plants  under  salt  treatment  was 
depressed.  The  average  growth 
rates  of  leaves  for  the  entire  period 
of  salt  treatment  show  that  with 
increasing  salt  concentration  of  the 
irrigation  water  the  depression  of 
growth  became  greater;  however, 


as  may  be  seen  by  a comparison  of 
the  relative  growth  rates  expressed 
as  percentages  of  the  controls 
(Table  4),  each  succeeding  incre- 
ment of  salt  was  less  effective  in  de- 
pressing growth  than  the  preced- 
ing ones. 

The  average  dry  weights  per 
plant  attained  in  control  cultures 
and  in  those  under  6,000  and  12,- 
000  ppm  salt  treatments  were  sig- 
nificantly different  from  each  other, 
but  at  higher  levels  of  salinity  the 
differences  between  treatments 
were  usually  not  statistically  sig- 
nificant (Table  4).  The  relative  dry 
weights  (%  of  control)  indicate, 
however,  that  there  was  a progres- 
sive depression  in  dry  weight  with 
increasing  salinity  of  the  substrate. 

Some  dying  back  of  tips  of  leaves 
of  control  plants  as  well  as  those 
under  salt  treatment  occurred,  so 
that  only  by  comparing  the  total 
length  of  dead  leaf  tips  could  we 
estimate  the  effect  of  salt  on  death 
of  leaf  tips.  The  differences  in 
length  of  dead  tissue  at  the  leaf 
tips  seemed  in  most  cases  unrelat- 
ed to  treatment  except  that  the 
length  of  dead  leaf  tips  of  Deglet 
Noor  seedlings  that  received  24,000 
ppm  of  salt  was  significantly  great- 
er (at  the  1%  level  of  probability) 
than  that  in  other  treatments,  and 
this  difference  must  have  resulted 
in  part,  at  least,  from  salt  injury. 
There  were  no  significant  differ- 
ences in  length  of  dead  leaf  tips  be- 
tween the  control  and  the  treated 
Medjool  seedlings. 

DISCUSSION  AND 
CONCLUSIONS 

In  plants  in  all  salt  treatments 
the  percentages  of  Cl  and  Na  in  the 
tops  of  Deglet  Noor  seedlings  were 
slightly  higher  than  in  the  tops  of 
Medjool  seedlings,  but  in  the  roots 
the  reverse  was  true.  This  appar- 
ent anomaly  may  have  resulted 
from  a characteristic  difference  in 
the  distribution  of  Cl  and  Na  in 
the  two  varieties  or  possibly  from 
some  difference  in  proportion  of 
inert  tissue  to  living  cells,  in  which 
salt  would  accumulate,  in  tops  and 
roots  of  the  two  varieties. 

With  the  possible  exception  of 
Na  accumulation  in  leaves,  differ- 
ences in  salt  concentration  of  the 
substrate  had  remarkably  little  ef- 
fect on  the  percentages  of  Cl  and 
Na  that  accumulated  in  the  tissues 
of  plants  under  the  different  salt 
treatments.  The  Cl  and  Na  con- 
tents of  the  tissues  were  nearly  the 
same  regardless  of  salt  treatment. 
What  mechanism  controls  salt  ac- 
cumulation in  plants  is  not  known, 
but  in  the  date  palm  there  seems 
to  be  some  mechanism  that  is  in- 
creasingly effective  in  repressing 
Cl  and  Na  uptake  and  accumula- 
tion as  the  concentration  of  those 
ions  in  the  substrate  increases. 
This  apparent  ability  of  the  date 


palm  when  grown  in  a highly  sa- 
line substrate  to  repress  salt  up- 
take with  increasing  effectiveness 
as  salinity  increases  was  also  ob- 
served in  controlled  salinity  tests 
on  young  date  palms  in  field  plots 
(2). 

The  unexpectedly  high  percent- 
ages of  Cl  and  Na  in  the  control 
plants  watered  with  nutrient  solu- 
tion containing  only  about  11  ppm 
of  Cl  and  22  ppm  of  Na  may  have 
resulted  in  part  from  salt  uptake 
by  a few  roots  that  grew  through 
drain  holes  of  the  pots,  though 
high  efficiency  of  absorption  from 
very  dilute  solution  may  also  be  in 
part  responsible  for  the  relatively 
high  salt  uptake  of  the  control 
plants. 

Depression  of  growth  by  salinity 
in  many  plants  has  been  attributed 
largely  to  the  osmotic  effect  of  the 
salts  in  solution  in  the  substrate 
(1,  4).  This  seems  to  have  been 
the  principal  cause  of  depression 
of  growth  of  the  date  seedlings  in 
this  test.  Lack  of  definite  symp- 
toms of  salt  toxicity  and  prompt 
depression  of  leaf  growth  after  ap- 
plication of  saline  water  and  before 
much  salt  could  have  been  ab- 
sorbed are  evidence  of  an  osmotic 
rather  than  a toxic  effect  of  the 
salts.  Furthermore,  if  growth  de- 
pression had  been  caused  mainly 
by  toxic  effects  of  the  salts,  there 
would  probably  have  been  little 
difference  in  growth  rate  of  plants 
under  the  different  salt  treatments 
because  there  was  relatively  little 
difference  in  Cl  and  Na  accumula- 
tion of  plants  under  the  different 
treatments.  Depression  of  growth 
was  more  closely  related  to  osmotic 
pressure  of  the  salt  solutions  with 
which  plants  were  watered  than  to 
concentration  of  Na  and  Cl  ions 
in  tissues. 

One  criterion  of  salt  tolerance  is 
the  growth  rate  of  the  salt-affect- 
ed plants  in  relation  to  plants 
grown  under  conditions  of  salinity 
too  low  to  affect  growth  adversely. 
On  this  basis  the  date  seedlings 
under  salt  treatments  in  this  test 
showed  very  high  salt  tolerance. 
Irrigation  water  containing  6,000 
ppm  of  total  salts  reduced  their 
growth  rate  to  not  quite  50%  of 
that  of  the  control  plants.  Under 
conditions  favoring  high  rates  of 
transpiration,  however,  depression 
of  growth  by  the  salt  treatments 
applied  in  this  test  would  probably 
be  appreciably  greater. 

The  results  obtained  in  this  ex- 
periment with  potted  seedlings  of 
Deglet  Noor  and  Medjool,  in  gen- 
eral, confirm  the  results  obtained 
in  a previous  experiment  with  off- 
shoots of  Deglet  Noor  and  Medjool 
in  field  plots  (2).  In  both  experi- 
ments depression  of  growth  was 
more  closely  related  to  salinity  of 
the  irrigation  water  than  to  salt 
content  of  the  plants. 
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ABSTRACT 

Potted  seedlings  of  the  date, 
Phoenix  dactylijera  L.,  received  the 
following  watering  treatments:  con- 
trol, nutrient  solution  and  salt  solu- 
tions containing  6,000,  12,000,  18,000 
or24,000ppm  of  total  salts.  Cl  and  Na 
accumulation  of  tops  and  roots  was 
not  closely  related  to  salt  concen- 
tration of  the  water.  A fourfold  in- 
crease in  salt  content  of  the  water 
less  than  doubled  the  Cl  content  of 
tops  and  about  doubled  Na  in  roots. 
Roots  accumulated  two  or  three 
times  as  much  Cl  and  five  to  10 
times  as  much  Na  as  the  tops.  With 
increasing  salt  content  of  substrate 
and  of  roots,  the  differences  in 
amounts  of  Na  accumulated  by  tops 
and  roots  became  less.  As  salt  con- 
centration of  the  substrate  i n- 
creased,  leaf  growth  rate  decreased; 
but  each  succeeding  increment  of 
salt  was  less  effective  in  depressing 
growth  than  the  preceding  ones. 
At  salinity  levels  above  12,000  ppm 
differences  between  treatments  in 
plant-dry-weight  were  insignificant. 
In  the  date  there  seems  to  be  a 
mechanism  that  is  increasingly 
effective  in  repressing  uptake  of  Cl 
and  Na  ions  as  the  concentration 
of  those  ions  in  the  substrate  in- 
creases. Depression  of  growth  was 
more  closely  related  to  osmotic 
pressure  of  the  salt  solutions  with 
which  plants  were  watered  than  to 
accumulation  of  Na  and  Cl  ions  in 
plants. 
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TESTS  OF  CHEMICALS  FOR  THINNING  AND  PRODUCING 

SEEDLESS  'MEDJOOL'  DATES 

By  D.  O.  KETCHIE1 


The  ‘Medjool’  date  palm,  Phoe- 
nix dactylifera  L.,  is  customarily 
hand-thinned  by  removing  some 
strands  from  the  bunches  and  re- 
moving fruit  from  the  remainder 
of  the  strands.  Thinning  fruit  from 
the  strands  is  necessary  to  obtain 
large  fruit  and  to  reduce  mechani- 
cal damage  to  mature  fruit  from 
adjacent  fruit.  Hand  thinning  is 
expensive;  therefore,  a method  to 
eliminate  it  and  maintain  high 
quality  is  desirable. 

Furr  and  Hewitt  (3)  reported 
two  methods  that  showed  some 
promise:  pollen  dilution  and  chem- 
ical thinning.  They  found  that  pol- 
len dilution,  which  consists  of  pol- 
linating with  a mixture  of  viable 
and  dead  pollen,  has  three  disad- 
vantages: (a)  introduction  of  pol- 
len from  other  sources  by  wind 
may  increase  set,  (b)  to  insure  ade- 
quate set  of  fruit,  there  is  a ten- 
dency to  use  too  much  viable  pol- 
len, and  (c)  an  unfavorable  season 
may  lead  to  crop  failure.  In  chemi- 
cal thinning  trials,  six  chemicals 
at  various  concentrations  were  ap- 
plied to  half  bunches  at  different 
periods  after  inflorescence  emerg- 
ence from  the  spathe.  The  results 
indicated  that  four  chemicals  could 
be  used:  sodium  dinit ro-  ortho- 
cresylate  (DNC) ; naphthaleneacetic 
acid  (NAA);  2,4,5  trichlorophenoxy 
acetic  acid  (2,  4,  5-T) ; dinitro-ortho- 
secondary  - butylphenol  (DNBP). 
The  first  purpose  of  the  pres- 
ent work  was  to  investigate  further 
the  use  of  the  four  materials  and 
to  try  two  additional  materials:  2,4 
dichlorphenoxy  acetic  acid  (2,4-D) 
and  naphthalene  acetamide 
(NAAm) . 

Gibberellins  occur  naturally  in 
the  seeds  of  many  fruits  (1,  2,  7) 
and  in  pollen  of  seedless  grapes 
(8).  One  of  the  physiological  func- 
tions of  gibberellins  from  seed  or 
from  an  external  source  is  to  in- 
duce fruit  set  (2,  5,  6,  7). 

Although  not  isolated  from  date 
seeds,  gibberellins  are  probably 
produced  by  date  seed  and  aid  in 
setting  fruit.  Unpollinated  female 
date  flowers  sprayed  with  gibber- 
ellic  acid  (GAj) should  produce  seed- 
less fruit.  GAj  has  been  used  suc- 
cessfully also  to  thin  grapes  (8).  In 
the  application  of  GA)  to  dates 
there  might  be  the  added  advant- 


1  Plant  Physiologist,  Crops  Research 
Division,  Agricultural  Research  Ser- 
vice, U.S.  Department  of  Agriculture , 
Indio,  California. 

2 Khalal  is  the  transition  stage  be- 
tween green  and  mature  fruit.  The 
color  of  ‘Medjool’  fruit  in  the  khalal 
stage  is  brownish  yellow. 


age  of  some  thinning.  Nixon  (4) 
applied  GA)  to  ‘Medjool’,  ‘Deglet 
Noor-,  ‘Halawy’,  ‘Khadrawy’  and 
‘Barhee’  date  palms  and  found  an 
increase  in  length  of  fruitstalks,  an 
undesirable  spiraling  of  fruitstalks, 
a premature  shriveling  of  fruit,  and 
an  increase  of  blacknose  of  fruit. 
The  second  purpose  of  this  work 
was  to  investigate  further  the  ef- 
fect of  GA)  on  ‘Medjool’  dates. 

MATERIALS  AND  METHODS 

Six  chemicals  were  tested  in  1966 
in  a square  block  of  49  ‘Medjool’ 
palms  at  the  Lk  S.  Date  and  Citrus 
Station,  Indio,  California.  They 
were  applied  one,  two  and  three 
weeks  after  the  opening  of  the 
spathe  at  the  following  concentra- 
tions: 3,000  parts  per  million  (ppm) 
DNBP;  500  and  600  ppm  DNC; 
20,  50  and  100  ppm  2,4-D;  20,  75 
and  500  ppm  2, 4,  5-T;  50,  75  and 
100  ppm  NAA;  and  50,  75  and  100 
ppm  NAAm.  There  were  four  rep- 
lications, consisting  of  one  bunch  on 
each  of  four  different  trees.  Half 
bunches  were  sprayed  with  a pres- 
sure-type hand  sprayer.  A piece 
of  waxed  paper  divided  the  bunch 
in  half  during  spraying  and  until 
the  surface  of  the  fruit  was  dry. 
There  were  three  types  of  checks: 
(1)  the  unsprayed  half  of  the 
treated  bunch;  (2)  four  hunches 


on  four  different  trees  were  thin- 
ned to  40  strands  and  each  strand 
was  thinned  to  20  to  30  fruit;  and 
(3)  four  bunches  on  four  different 
trees  were  thinned  to  40  strands 
but  no  fruit  was  thinned  from  the 
strands.  The  unsprayed  side  proved 
unsatisfactory  as  a check  because 
there  was  an  effect  from  the  spray- 
ed half,  apparently  because  of 
translocation  of  the  chemical  or 
possibly  a volatilizing  effect. 

GA)  at  concentrations  of  25,  50 
and  100  ppm  was  applied  to  pollinat- 
ed and  non-pollinated  half  bunches 
in  the  spring  of  1966  within  three 
days  after  normal  pollination  time. 
To  avoid  chance  pollination,  bunch 
es  to  be  left  unpollinated  were  se- 
lected on  trees  on  the  windward 
side  of  the  garden.  Checks  were 
the  same  as  those  described  above. 
As  explained  above,  the  unsprayed 
half  bunches  could  not  be  used  as 
checks.  The  sprayed  half  bunches 
scheduled  to  remain  unpollinated 
were  covered  with  paper  bags  im- 
mediately after  spraying  and  be- 
fore pollination. 

Because  of  the  excessive  fruit 
drop  characteristic  of  ripening 
‘Medjool’,  I harvested  the  treated 
bunches  when  only  10  per  cent  of 
the  fruit  was  mature.  The  remain- 
der was  in  the  late  khalal2  stage. 
Yields  and  fruit  size  were  based  on 
the  fruit  in  the  late  khalal  stage. 


TABLE  1.  The 

effect  of  various 

chemicals  on 

size  of  fruit  and 

weight  per  bunch 

of  'Medjool'  dates. 

Weeks  after 

Av.  weight 

Av.  fruit 

Pollination 

Treatment 

Per  bunch 

Per  lb. 

Treatment 

Concentration 

Applied 

(khalal  stage) 

(khalal  stage) 

(ppm) 

(no.) 

(lbs.) 

(no.) 

DNBP 

3,000 

1 

11  e1 

18  b1 

3,000 

2 

12  e 

18  b 

3,000 

3 

52  a 

22  d 

2,4-D 

20 

2 

26  c 

17  b 

50 

2 

14  de 

15  a 

2,  4,  5-T 

20 

2 

26  c 

18  b 

75 

2 

22  cd 

15  a 

NAA 

50 

1 

12  e 

17  b 

50 

2 

19  d 

17  h 

NAAm 

50 

1 

10  e 

18  b 

Check2 

35  b 

23  e 

Hand- 

thinned2 

9 

28  c 

20  c 

1 Treatments  having  different  letters  are  significantly  different  at  the  5% 

level  of  probability. 

2 Check  bunches  were  thinned  to  40  strands,  the  same  as  all  treated  bunches. 
2 H and-thinned  bunches  were  thinned  to  40  strands  and  the  fruit  was  thin- 
ned to  20-30  fruit  per  strand. 
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TABLE  2.  Relation  of  seediness,  size  of  fruit  and  bunch  weight  to  pollination  and  gibberellin  treatment  of  ‘Medjool’  dates 


Gibberellic 

Acid 

Applied 

Pollination 
Treatment  and 
Checks 

Av.  weight 
Per  bunch 
(khalal  stage) 

Khalal 
Fruit 
Per  lb 

Seedless  fruit 
Khalal 

on  August  31 
Mature 

(ppm) 

(lbs.) 

( no. ) 

(%) 

(%) 

25 

Pollinated1 

8 de2 

23  c2 

64  a3 

1 b3 

50 

Pollinated1 

10  de 

17  a 

7 b 

0 c 

100 

Pollinated1 

12  bed 

20  b 

45  ab 

1 b 

25 

Unpollinated4 

8 de 

26  c 

81  a 

96  a 

50 

LTnpollinated4 

5 e 

20  b 

65  a 

95  a 

100 

Unpollinated4 

6 e 

29  c 

94  a 

99  a 

0 

Pollinated5 

36  ab 

23  c 

16  b 

0 c 

0 

Pollinated, 

hand-thinned6 7 8 

28  b 

20  b 

0c 

0 c 

1 Pollinated  3 days  before  application  of  gibberellic  acid. 

1 Treatments  having  different  letters  are  significantly  different  at  the  5%  level  of  probability. 

3 Treatments  having  different  letters  are  significantly  different  at  the  1%  level  of  probability. 

4 Unpollinated  bunches  were  bagged  and  remained  bagged  for  approximately  3 weeks. 

5 Check  bunches  were  thinned  to  40  strands,  the  same  as  all  treated  bunches. 

6 Hand-thinned  bunches  were  thinned  to  40  strands  and  the  fruit  was  thinned  to  20-30  fruit  per  strand 
pollination. 

nine  weeks  after 

RESULTS  AND  CONCLUSIONS 

Bunches  treated  with  chemicals 
one  week  after  pollination  had 
larger  fruit  but  a significantly  low- 
er yield  than  those  hand-thinned 
(Table  1).  The  treatments  re- 
moved too  many  fruit,  probably 
because  they  interrupted  fruit  set. 

Bunches  treated  with  20  ppm 
2,4-D  or  20  ppm  2,4,5-T  two  weeks 
after  pollination  had  yields  equal 
to  those  hand-thinned  and  signifi- 
cantly larger  fruit  (Table  1).  How- 
ever, 50  ppm  2,4-D,  75  ppm  2,4,5-T, 
50  ppm  NAA,  3,000  ppm  DNBP 
and  50  ppm  NAAm  applied  two 
weeks  after  pollination  removed 
too  many  fruit,  although  the  fruit 
produced  were  larger  than  those 
on  hand-thinned  bunches. 

Treatments  three  weeks  after  pol- 
lination appeared  to  be  too  late  for 
good  results  except  for  3,000  ppm 
DNBP.  This  treatment  nearly 
doubled  weight  per  bunch  as  com- 
pared with  those  hand-thinned. 
Fruit,  however,  were  smaller  than 
those  on  the  hand-thinned  bunches 
but  larger  than  those  on  the  bunch- 
es not  hand-thinned.  DNBP  evi- 
dently inhibited  post-bloom  drop. 

Bunches  in  treatments  not  ap- 
pearing in  Table  1 had  poorer 
yields  and  smaller  fruit  than  the 
checks. 

In  the  GAi  treatments,  bunches 
pollinated  and  sprayed  with  100 
ppm,  those  unpollinated  and 
sprayed  with  50  ppm,  and  the  pol- 
linated, hand-thinned  checks  had 
fruit  of  equal  size.  Pollinated 
bunches  sprayed  with  50  ppm  had 
significantly  larger  fruit  (Table  2). 

Unpollinated  bunches  sprayed 


with  GA3  had  a significantly  higher 
percentage  of  seedless  fruit  in  both 
the  mature  and  the  khalal  stage 
than  did  the  checks  (Table  2). 
Pollinated  bunches  sprayed  with  25 
ppm  or  100  ppm  had  large  numbers 
of  seedless  fruit  in  the  khalal  stage. 
Pollinated  bunches  sprayed  with 
50  ppm  had  a few  seedless  fruit, 
but  there  was  no  significant  dif- 
ference from  the  non-hand-thinned 
checks.  The  large  size  of  fruit  on 
pollinated  bunches  sprayed  with 
50  ppm  of  GA3  may  be  accounted 
for  by  the  combined  effect  of  the 
GAj  and  the  seeds  they  contained 
as  a consequence  of  pollination. 

SUMMARY 

Six  chemicals  were  applied  to 
‘Medjool’  date  bunches  at  various 
concentrations  one,  two  and  three 
weeks  after  pollination  to  test  their 
effectiveness  as  fruit  thinners.  GA; 
at  various  concentrations  was  ap- 
plied to  pollinated  and  unpollinat- 
ed  bunches  to  determine  its  effect 
on  production  of  seedless  dates 
and  to  test  it  as  a chemical  thinner. 

Applications  of  20  ppm  2,4-D 
and  20  ppm  2,4,5-T  two  weeks 
after  pollination  thinned  the  fruit 
without  decreasing  the  weight  per 
bunch  below  that  of  the  hand- 
thinned. 

GAj  at  suitable  concentrations  on 
pollinated  bunches  produced  larger 
fruit  than  on  checks  and  on  un- 
pollinated bunches  produced  fruit 
equal  in  size  to  that  of  the  checks. 

GA,  applied  to  unpollinated 
bunches  produced  seedless  dates. 
The  same  application  to  pollinated 
bunches  produced  some  seedless 
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dates  but  significantly  less  than 
when  applied  to  unpollinated 
bunches. 
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MALATHION,  A FACTOR  IN  DATE  HARVESTING 

By  H.  S.  ELMER 

University  of  California  Citrus  Research  Center  and 
Agricultural  Experiment  Station 
Riverside,  California  92502 


Mechanization  in  California  of 
all  phases  of  date  culture,  particu- 
larly in  harvesting,  has  increased 
at  a rapid  rate  the  past  few  years. 
These  new  fruit  harvesting  meth- 
ods have  caused  some  pest  control 
problems  that  formerly  were  only 
occasionally  of  economic  import- 
ance. During  1966  in  some  areas 
of  the  Coachella  Valley,  the  niti- 
dulid  beetles,  or  sour  bugs,  and  the 
two  phycitid  moths,  the  Indian- 
meal  moth  and  the  raisin  moth, 
caused  more  than  a normal  amount 
of  injury  to  date  fruit  before  it 
reached  the  packinghouse.  Addi- 
tionally, the  conditions  best  suited 
for  mechanized  harvesting  are  ideal 
for  infestations  of  the  saw-toothed 
grain  beetle. 

A delayed  harvest  is  necessary 
for  the  best  results  in  mechanized 
harvesting  (3).  However,  dates 
that  are  not  picked  as  they  become 
ripe  are  quite  susceptible  to  niti- 
dulid  beetle  infestations.  After  rip- 
ening they  become  dehydrated  in 
the  bunches  and  dry  fruit  are  ideal 
for  both  the  phycitid  moth  and  the 
saw-toothed  grain  beetle. 

Detailed  information  on  the  life 
history  and  habits  of  these  insects 
has  been  reported  in  the  literature. 
Four  species  of  nitidulid  beetles  in- 
fest dates  in  California:  the  corn- 
sap  beetle,  Carpophilus  dimidiatus 
(Fab.);  the  dried-fruit  beetle,  C. 
hemipterus  ( L. ) ; the  pineapple 
beetle,  Urophorus  humeral  is 
(Fab.);  and  the  yellowish  nitidulid, 
H aptoncus  l u t e o l u s (Er.) . The 
corn-sap  beetle  is  the  predominant 
species,  but  any  of  the  other  three 
may  occasionally  be  found  in  large 
numbers.  When  dates  are  not  pres- 
ent these  beetles  infest  many  kinds 
of  decayed  vegetation  adjacent  to 
date  gardens.  The  adults  fly  from 
surrounding  grapefruit  groves, 
truck  crop  fields  or  vineyards  into 
the  date  gardens  during  the  June 
fruit  drop  period  and  infest  the 
dates  on  the  ground  and  in  the 
bunches.  A single  female  may  ovi- 
posit from  500  to  1000  eggs  on  the 
fruit  skin.  The  larvae  enter  the 
fruit  through  cracks  in  the  skin  or 
through  the  calyx  end,  preferring 
ripe  dates,  but  when  large  popula- 
tions exist  they  will  infest  any 
fruit  and  feed  on  the  pulp  until 
ready  to  pupate  (approximately  2 
weeks).  The  larvae  then  drop  to 
the  ground  and  pupate  in  the  soil. 
Life  cycle  time  from  egg  to  egg 
varies  with  temperature,  humidity 
and  the  nitidulid  species,  but  is 


generally  from  16  to  27  days. 

The  raisin  moth,  Cadra  figulilella 
(Greg.),  not  only  resembles  the  In- 
dian-meal  moth,  but  its  injury  to 
dates  is  almost  identical.  It  feeds 
on  the  date  pulp  and  prefers  the 
dry  fruit.  The  life  cycle  of  the 
raisin  moth  under  optimum  condi- 
tions is  about  43  days.  The  fe- 
males oviposit  from  350  to  700  eggs. 

The  Indian-meal  moth  Plodia  in- 
ter punctella  (Hbn.),  although  not 
as  prolific  as  the  raisin  moth,  is 
usually  more  numerous  in  date 
gardens.  The  females,  like  the  rais- 
in moth,  deposit  their  eggs  on  the 
fruit  skin.  After  hatching,  the  tiny 
larvae  enter  the  fruit  through  cracks 
in  the  skin,  at  the  calyx  end  or  by 
chewing  into  the  healthy  fruit.  They 
feed  on  dry  fruit  and  may  feed  on 
the  hard  date  seeds.  They  leave 
large  masses  of  frass  and  silken 
threads  inside  the  fruit,  making  the 
dates  inedible. 

The  saw-toothed  grain  beetle, 
Oryzaephilus  surinamensis  (L.),  is 
listed  in  most  publications  as  a pest 
only  on  stored  products,  but  there 
have  been  some  unpublished  reports 
of  severe  injury  by  this  beetle  to 
dry  dates  while  in  the  bunches. 
They  attack  the  dates  in  the  same 
manner  as  the  phycitid  moth  and 
have  a life  cycle,  egg  to  egg,  from 
27  to  315  days.  Some  adults  in  cap- 
tivity lived  for  3 years.  The  female 
beetles  may  oviposit  from  45  to 
285  eggs. 

Lindgren  and  Vincent,  (2),  found 
that  malathion  dusts  were  effective 
in  the  control  of  nitidulid  beetles 
and  phyticid  moths  in  date  bunches. 
Their  extensive  laboratory  screen- 
ing program  established  that 
lindane,  chlordane,  aldrin,  dieldrin, 
heptachlor,  parathion  and  mala- 
thion were  the  most  effective  in- 
secticides then  available  in  reduc- 
ing populations  of  these  pests.  Field 
test  plots  with  these  compounds  in- 
dicated that  parathion,  dieldrin 
and  malathion  were  the  most  prom- 
ising. Because  malathion  is  the 
least  toxic  to  warm-blooded  animals 
and  did  not  impart  any  off-flavor, 
it  was  selected  as  the  candidate 
insecticide  for  registration  and  use 
on  dates. 

Malathion  was  the  first  and  is 
still  the  only  insecticide  registered 
for  use  on  dates.  Results  of  num- 
erous experiments  and  commerci- 
ally applied  treatments  in  date  gar- 
dens have  established  that  a 4% 
malathion  dust  is  effective  in  re- 
ducing injurious  nitidulid  beetle 


and  phycitid  moth  populations  pro- 
vided the  dust  is  thoroughly  applied 
to  the  entire  bunch  approximately 
3 weeks  before  the  first  fruit  is 
picked.  A close  inspection  of  the 
bunches  after  the  fruit  ripens  is 
necessary  to  establish  a need  for  re- 
treatment. Successive  dustings  at 
regular  intervals  may  be  necessary 
if  these  insect  pests  continue  to  fly 
in  and  infest  the  bunches  after  the 
toxic  effects  of  the  first  malathion 
dust  have  dissipated.  Additional 
field  evaluation  on  the  toxic  Ion 
gevity  of  malathion  is  needed  under 
the  extreme  climatic  conditions 
found  in  date  growing  areas  to  de- 
termine the  frequency  of  control 
applications.  With  the  increased 
use  of  mechanized  fruit  harvesters 
and  the  delayed  harvest  that  is 
necessary  for  economical  mechani- 
cal pickers,  an  even  more  carefully 
controlled  use  of  malathion  is  nec- 
essary. 

Laboratory  tests  were  conducted 
to  determine  the  resistance  level  of 
the  phycitid  moths  and  nitidulid 
beetles  to  malathion.  Populations 
of  the  corn-sap  beetle  and  the  In- 
dian meal  moth  were  collected  from 
8 different  localities  in  the  Coach- 
ella Valley.  These  populations  were 
maintained  separately  in  the  lab- 
oratory and  were  exposed  to  vari- 
ous dosages  of  malathion  for  vari- 
ous periods.  There  was  no  evidence 
that  resistance  to  malathion  occur- 
red in  these  local  populations.  Ex- 
cessive damage  to  field  fruit  there- 
fore must  be  due  to  inadequate 
coverage  by  existing  mechanical 
dusters  or  to  improper  timing  of 
multiple  dust  applications. 

Malathion  may  also  be  applied 
as  a spray  with  a conventional  high 
pressure  citrus  sprayer  and  spray 
guns  capable  of  reaching  the  higher 
date  bunches.  Malathion  spraying 
was  first  tested  on  soft  date  vari- 
eties on  which  dust  deposits  are  not 
desirable  (1).  This  application 
method  produces  no  better  control 
than  dusts  when  dusts  are  applied 
under  ideal  dusting  conditions,  but 
during  windy  conditions  better  cov- 
erage of  the  higher  bunches  can  be 
achieved.  Sprays  should  be  applied 
at  the  rate  of  approximately  5 gal- 
lons per  tree  using  2 pounds  of 
actual  toxicant  malathion  per  100 
gallons  of  water.  As  with  dusts, 
more  than  one  spray  may  be  need- 
ed if  reinfestation  occurs. 

Mechanized  harvesting  appears 
to  be  a solution  to  date  labor  prob- 
lems, but  in  order  to  have  a crop 
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to  harvest,  the  pests,  briefly  des- 
cribed here,  must  be  kept  at  suffi- 
ciently low  numbers  to  prevent  ex- 
cessive injury  to  the  fruit.  Mala- 
thion  continues  to  give  adequate 
protection  when  used  properly,  and 
because  of  the  high  cost  of  register- 
ing new  insecticides  for  use  on 


crops,  it  should  be  used  for  maxi- 
mum benefit. 

LITERATURE  CITED 

1.  Elmer,  H.  S.  1964.  Present  status  of 
date  pest  control  studies.  Date  Gro- 
wers’ Inst.  Ann.  Ilept.  41  : 4-6. 

2.  Lindgren,  D.  L.  and  L.  E.  Vincent. 


1953.  Experiments  on  the  control 
of  insects  infesting  dates  in  the 
bunches.  Date  Growers’  Inst.  Ann. 
Rept.  30:  14-16. 

3.  Perkins,  R.  M.  and  G.  K.  Brown. 
1964.  Progress  in  mechanization  of 
date  harvesting.  Date  Growers’ 
Inst.  Ann.  Rept.  41  : 19-23. 


- 8 - 


DATE  CULTURE  IN  SUDAN 


By  ROY  W.  NIXON 

Indio,  California 


The  Government  of  Sudan, 
through  the  U.  S.  Agency  for  In- 
ternational Development  (AID), 
asked  me  to  visit  their  country 
from  November,  1965  through  Jan- 
uary, 1966  to  advise  the  Horticul- 
ture Section,  Ministry  of  Agricul- 
ture, in  promoting  more  profitable 
date  production.  My  visit  followed 
the  date  harvest,  but  I saw  samples 
of  dry  or  dried  fruit  of  all  the  prin- 
cipal varieties.  Although  I did  not 
see  cultural  operations  done  at 
other  seasons,  from  observations 
in  many  typical  date  plantings  and 
conversations  with  date  growers 
and  government  officials,  I got  a 
fair  idea  of  the  present  status  of 
date  culture'. 

GEOGRAPHY 

Sudan  is  the  largest  country  in 
Africa,  about  the  size  of  the  United 
States  east  of  the  Mississippi.  It 
extends  from  north  to  south  about 
1200  miles  between  latitudes  22° 
and  4°  north  and  from  west  to  east 
about  1000  miles.  It  is  bounded  on 
the  north  by  Egypt,  on  the  east  by 
the  Red  Sea  and  Ethiopia,  on  the 
south  by  Kenya,  Uganda  and  Congo, 
and  on  the  west  by  the  Republic 
of  Central  Africa,  Chad  and  Libya. 
It  is  a country  of  vast  plains  brok- 
en by  widely  separated  hills  or 
mountains.  Approximately  the 
northern  third  is  desert,  changing 
gradually  through  areas  of  steppe 
and  savanna  to  the  equatorial  re- 
gion, which  stretches  across  the  ex- 
treme south  and  includes  large 
marshes  and  extensive  forests.  The 
Nile  cuts  across  Sudan  from  south 
to  north  and  is  the  most  important 
natural  resource  of  the  country. 

DATE  AREAS 

Location:  About  95  percent  of 
the  date  palms  in  Sudan  are  grown 
along  the  Nile  between  the  Egyp- 
tian Border  and  Khartoum,  some 
600  miles  to  the  south.  The  few 
scattered  oases  elsewhere  are  of 
minor  importance.  The  numbers 
of  mature  palms  in  the  different 
areas  from  north  to  south,  esti- 
mated from  the  1960  census,  are 
listed  in  Table  1. 

In  number  of  palms.  Wadi  Haifa 
was  the  most  important  area  in 
1960.  Since  then,  however,  the 
rising  water  of  Lake  Nasser  behind 
the  Aswan  Dam  has  flooded  Wadi 
Haifa  village  and  the  palms  around 


TABLE  1.  Estimated  number  of  ma- 
ture date  palms  in  Sudan. 


Area 

Number 

Wadi  Haifa 

766,314 

Dongola 

497,817 

Merowe 

701,064 

Berber 

384,996 

Shendi 

72,455 

Khartoum 

6,536 

Total 

2,429,182 

it.  When  the  lake  reaches  its  max- 
imum size  in  1967,  it  is  estimated 
that  372,749  fruiting  palms  will  be 
covered.  This  reduction  in  palm 
population  is  believed  to  have  been 
more  than  offset  by  subsequent 
plantings.  According  to  Govern- 
ment estimates,  during  1961-63, 

447.000  offshoots  or  nursery  palms 
were  planted  in  other  areas.  Of 
these,  295,000  were  planted  in  the 
Merowe  area  and  would  make  it 
the  most  important  in  Sudan.  If 
these  recent  plantings  are  included, 
the  number  of  palms  in  1965,  ex- 
cluding those  being  flooded  by  Lake 
Nasser,  was  at  least  equal  to  that 
reported  in  the  1960  census. 

Production:  Date  production,  as 
reported  at  the  Second  Interna- 
tional FAO  Date  Conference  in 
1965  (1),  is  estimated  to  range  from 

45.000  tons  to  60,000  tons.  The  For- 
eign Trade  Statistics  Annual  of  the 
Republic  of  the  Sudan  lists  the  ex- 
ports and  imports  of  dates  (Table 
2).  Exports,  mostly  to  Egypt,  drop- 
ped in  1963  and  1964  because  of 
political  and  economic  problems 
which  were  said  to  have  been  large- 
ly solved  in  1965  and  subsequent 
exports  are  expected  to  approach 
earlier  figures.  Imports  have  usual- 
ly been  in  excess  of  exports. 


TABLE  2.  Exports  and  imports  of 
dates — Sudan. 


Year  Exports  Imports 
(thousand  pounds) 


1964 

339 

8,586 

1963 

2,958 

10,984 

1962 

4,594 

8,448 

1961 

5,500 

5,139 

1960 

6,129 

8,221 

Climate:  In  Table  3 are  climatic 
data  for  stations  along  the  Nile 
where  dates  are  grown  from  Wadi 
Haifa  near  the  Egyptian  Border  to 
Khartoum.  For  proper  maturing  of 
fruit  the  date  palm  requires  a long, 
hot  growing  season  without  rain 
or  high  humidity  during  the  ripen- 
ing period.  There  is  ample  heat  in 
all  parts  of  Sudan  where  date 
palms  occur.  Average  maximum 
temperatures  are  actually  higher 
than  those  in  three  other  areas 
where  commercial  date  culture  is 
highly  developed.  About  80  per- 
cent of  the  dates  in  world  com- 
merce are  produced  in  the  Basrah 
area.  Touggourt,  in  the  Oued  Rhir 
of  Algeria,  is  the  home  of  the  fa- 
mous D e g 1 e t Noor,  one  of  the 
world’s  finest  export  dates.  Indio 
is  the  center  of  California’s  small, 
but  well-developed  date  industry, 
where  cultural  practices  and  fruit 
processing  have  been  advanced  to 
a high  point.  These  other  date- 
growing areas  have  greater  ex- 
tremes of  temperature  as  is  evident 
from  the  highest  maximum  and  the 
lowest  minimum  temperatures. 
Freezing  temperatures  occur  every 
winter  and,  at  least  at  Indio,  are 
occasionally  low  enough  to  cause 
serious  damage  to  date  palms  (7, 
8).  In  Sudan,  on  the  other  hand, 
no  freezing  temperatures  have  been 
recorded  and  that  is  why  mangoes, 
bananas  and  other  tropical  fruits 
can  be  grown. 

According  to  Mason  (4)  the  Don- 
gola-Merowe  (Kareima)  region 
has  the  “highest  mean  temperatures 
and  the  lowest  relative  humidity  of 
any  successful  date  region  in  Afri- 
ca.” Nevertheless,  summer  rains, 
which  increase  in  Sudan  from  north 
to  south,  occasionally  invade  the 
date  areas.  Serious  rain  damage 
was  recorded  in  1950  and  in  1958: 
all  growers  questioned  were  famil- 
iar with  it  and  had  observed  differ- 
ences in  the  amount  of  damage  sus- 
tained by  the  different  varieties. 

The  rainy  season  in  Sudan  comes 
just  before  and  during  the  date  har- 
vest, which  for  most  varieties  is 
late  August  through  September.  As 
a consequence,  in  spite  of  the  lower 
total  rainfall,  the  average  for  the 
July  - October  period  in  the  Don- 
gola  - Kareima  area  is  greater  than 
that  of  Basrah,  Touggourt,  or  In- 
dio. South  of  Atbara  the  increase 
in  rainfall  makes  dates  less  profit- 
able than  other  crops,  so  this  is 


1 Formerly  H orticulturist , U.  S.  Date  and  Citrus  Station. 

1 For  valuable  assistance  I am  indebted  to  Mr.  Robert  Dirks,  Horticultural  Advisor,  USAID , and  to  the  following  Sudanese 
officials:  Sayed  Musa  Alla  Gabo,  Chief,  Horticultural  Division ; Sayed  Rasheed  Mohamed  Khalil,  Senior  Inspector  of  Hor- 
ticulture,Khartoum  and  Northern  Provinces ; Sayed  Awouda  Aweis,  General  Manager  of  Date  and  Fruit  Factories,  Kareima : 
Sayed  Hamid  Ibrahim,  Inspector,  and  Sayed  Osman  El  Hag,  Assistant  Inspector,  Merowe ; Sayed  Mubarik  Ridel,  Inspector, 
Shendi-Berber ; and  Sayed  Abdel  Mitally  Atabani,  formerly  Inspector  in  the  Merowe-Dongola  Area. 
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TABLE  3.  Climatic  data  for  stations  in  Sudan  compared  with  those  of  other  important  date-growing  localities. 


Air  Temperature 

°F) 

Average  Rainfall  (Inches) 

No.  Yrs.  July-Oct. 

Record  Incl.  Annual 

Average  Daily  Maximum 

Extreme 

No.  Yrs. 
Record 

May-Oct. 

Incl. 

Annual 

Maximum 

Minimum 

Wadi  Haifa 

30 

104.4 

94.5 

120 

34 

24 

0.08 

0.12 

Dongola 

16 

106.9 

98.4 

119 

37 

30 

0.86 

0.91 

Kareima 

30 

106.8 

99.1 

118 

38 

25 

1.46 

1.50 

Abu  Hamed 

18 

106.8 

98.8 

118 

41 

30 

0.63 

0.67 

Atbara 

30 

105.7 

99.7 

118 

44 

30 

2.61 

2.83 

Shendi 

19 

102.0 

98.9 

115 

44 

30 

5.15 

5.35 

Khartoum 

30 

102.5 

99.1 

118 

43 

30 

5.94 

6.46 

Basrah,  Iraq 

19 

99.4 

84.9 

127(a) 

25(a) 

20 

0.14 

6.42 

Touggourt,  Algeria 

15 

96.6 

83.4 

122(b) 

27(b) 

16 

0.31 

2.27 

Indio,  California 

45 

99.7 

88.5 

125(c) 

13(c) 

73(c) 

0.85 

3.20 

(a)  11  years  record  (2) 

(b)  10  years  record  (2) 

(c)  54  years  record  (U.  S.  Weather  Bureau) 


about  the  limit  of  commercial  date 
culture.  The  few  early  - ripening 
soft  dates  grown  around  Khartoum 
are  marketed  in  the  early  stages 
of  ripening  and  even  then  rain 
damage  frequently  occurs.  It  is 
evident  that  in  Sudan  the  distri- 
bution of  rainfall  rather  than  the 
amount  limits  date  culture. 

VARIETIES 

About  98  percent  of  the  dates 
grown  in  Sudan  are  either  dry  or 
semidry  handled  as  dry.  The  cli- 
mate of  the  commercial  date  areas, 
discussed  above,  and  the  cultural 
practices  mentioned  later  all  favor 
the  production  of  dry  dates.  These 
conditions  and  the  fact  that  excel- 
lent dry  varieties  are  already  well 
established  justify  Tothill’s  con- 
clusion (12)  that  “the  future  pros- 
perity of  the  Northern  Province  de- 
pends on  accelerated  and  improved 
propagation,  grading,  and  market- 
ing of  good  dry  dates.”  However, 
a ready  market  for  the  few  soft 
dates  produced  has  encouraged 
some  further  plantings  of  the  best 
of  these. 

Aweis  (1)  stated  that  30  variet- 
ies of  dates  are  grown  in  Sudan,  but 
named  only  4.  I found  20.  Dowson 
(2)  listed  tbe  same  number,  but  6 
are  different  from  any  on  my  list. 
However,  fewer  than  10  varieties 
are  widely  grown  and  only  2 of 
these  are  likely  to  be  found  out  of 
season  in  most  markets.  One  of  the 
two,  Barakawi,  accounts  for  about 
40  percent  of  the  palms  and  the 
other,  Gondeila,  for  about  5 per- 
cent. As  about  40  percent  are  seed- 
lings, this  leaves  only  some  15  per- 
cent of  miscellaneous  minor  varie- 
ties. 

Barakawi  is  the  outstanding  vari- 
ety grown  in  Sudan.  According  to 


Mason  (6),  “the  Barakawi  of  Suk- 
kot  and  Dongola,  known  down  the 
river  as  ‘Sukkoti’,  but  more  com- 
monly as  ‘Ibrimi’,  is  perhaps  the 
world’s  all-round  best  dry  date.” 
Offshoots  of  Barakawi  have  been 
continuously  in  demand  and  it  is 
the  principal  variety  planted  on  the 
government  schemes  where  only 
those  recommended  are  permitted. 
It  is  generally  agreed  that  it  has 
the  best  keeping  qualities  of  all 
varieties  in  Sudan.  It  is  said  to 
keep  well  for  two  years  and  to  be 
so  hard  that  weevils  do  not  get  into 
it.  It  is  a favorite  among  the  no- 
mads and  is  the  one  varietiy  that 
has  long  been  exported  to  Egypt. 

Mason  (6)  found  great  variation 
among  the  dates  sold  as  this  varie- 
ty in  Egypt  and  was  told  in  Don- 
gola that  the  crop  from  seedling 
palms  bearing  fruit  closely  resem- 
bling the  original  variety  is  market- 
ed under  the  name  of  Barakawi. 
This  emphasizes  the  need  for  vari- 
etal study  to  determine  the  true 
type  and  make  sure  that  it  is  rec- 
ognized and  propagated  rather  than 
similar  but  inferior  seedlings. 

Gondeila  is  the  second  most  im- 
portant variety  of  Sudan.  The 
fruit  is  found  in  most  markets  and 
there  are  at  least  a few  palms  in 
nearly  all  localities  where  dates  are 
grown.  For  eating,  Gondeila  is  pre- 
ferred to  Barakawi  and,  in  markets 
that  I visited,  was  sold  at  prices  25 
to  50  percent  higher.  Gondeila  is 
commonly  treated  as  a dry  date, 
hut  it  is  not  as  hard  as  Barakawi 
and,  if  harvested  just  as  it  reaches 
maturity  and  before  drying,  it  can 
be  handled  as  a firm  soft  date. 

Gondeila  has  several  drawbacks. 
It  does  not  keep  well,  an  unattrac- 
tive darkening  occurs  in  storage, 
and  it  is  very  susceptible  to  insect 
infestation  (i0).  Most  of  the  Gon- 
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deila  fruit,  even  when  handled  as 
a firm  soft  date,  retains  some  drier 
areas  at  the  base  which  are  lighter 
in  color  than  the  apical  portion  and 
produce  a somewhat  mottled  ap- 
pearance in  a pack.  This  drawback 
of  the  Gondeila  appears  similar  to 
that  of  the  Halawy,  one  of  the  prin- 
cipal export  dates  of  Iraq  and  also 
grown  in  the  United  States.  The 
large  percentage  of  dry  bases,  char- 
acteristic of  that  variety,  has  been 
shown  to  be  greatly  reduced  by  in- 
creased irrigation  during  early  sum- 
mer (3). 

Bentamoda  is  regarded  by  most 
people  who  know  it  as  the  best 
date  in  Sudan,  but  it  is  only  about 
2 percent  of  the  palm  population, 
most  of  which  is  in  the  region  be- 
tween Dongola  and  Wadi  Haifa. 
According  to  Mason  (6),  “it’s  su- 
perb character  as  a dessert  fruit, 
with  its  admirable  keeping  and 
shipping  qualities,  entitle  it  to  a 
high  place  among  the  world's  finest 
dates.”  It  is  a semidry  date  of 
about  tbe  same  type,  size  and  shape 
as  the  famous  Deglet  Noor,  but  I 
did  not  see  in  Sudan  any  fruit  of 
Bentamoda  that  would  equal  the 
best  Deglet  Noor  produced  in  Al- 
geria, Tunisia  and  California. 

Deglet  Noor,  known  in  Sudan  as 
“Tunisie”,  is  represented  by  a few 
specimens  brought  in  as  offshoots 
in  1910  (5).  At  Nuri  I examined 
11  palms  that  were  10  to  30  feet 
high.  A few  others  are  said  to  oc- 
cur in  private  gardens  in  the  Me- 
rowe  and  Dongola  areas,  but  no 
apparent  effort  has  been  made  to 
propagate  the  variety.  All  the  fruit 
samples  that  I saw  were  small,  in- 
ferior, dry  dates,  not  equal  to  the 
best  of  Bentamoda.  The  very  dry 
climate  and  lack  of  thinning  may 
have  been  partly  responsible,  but 


a more  obvious  explanation  is  the 
heavy  soil  which  was  dry  and  und- 
er-irrigated, as  indicated  by  crowns 
with  ony  30  to  60  good  green  leaves. 
Mature  Deglet  Noor  palms  in  Cali- 
fornia, well  watered  and  fertilized, 
carry  100  to  120  good  green  leaves 

(9). 

Mishrig  Lagai  is  the  most  popu- 
lar soft  date  grown  commercially 
in  Sudan.  Its  texture  and  quality 
are  comparable  to  the  best  of  the 
soft  dates  of  Iraq.  The  cured  date 
is  reddish  brown  in  color  with  skin 
adhering  to  the  flesh  and  tending 
to  shrink  in  attractive  jewel-like 
facets,  resembling  in  this  respect 
the  Amir  Hajj  of  Iraq.  Its  chief 
drawback  for  marketing,  accord- 
ing to  American  standards,  is  its 
small  size.  As  it  has  large  bunches 
similar  to  those  of  Khadrawy,  size 
could  undoubtedly  be  improved  by 
thinning  the  bunch  as  is  done  in 
California. 

Mishrig  Khatib  is  a date  of  about 
the  same  size  and  shape  as  Mishrig 
Lagai,  but  the  flesh  is  a little  firm- 
er and  not  quite  as  smooth  in  tex- 
ture, the  skin  separates  badly  in 
curing,  and  the  seed  is  larger.  It 
is  always  rated  below  Mishrig  La- 
gai in  quality,  but  has  been  planted 
even  more  extensively  than  the  lat- 
ter, partly  perhaps  because  of  its 
availability.  The  variety  produces 
many  offshoots;  30  to  40  are  not 
uncommon  and  they  root  more  eas- 
ily than  those  of  any  other  variety. 
Apropos  of  this,  there  is  a saying, 
which  I heard  in  several  places,  to 
the  effect  that  if  a man  takes  a 
freshly  cnt  offshoot  of  Mishrig 
Khatib  from  the  palm  where  it  was 
cut  to  the  place  where  it  is  to  be 
planted,  he  must  run  or  it  will  take 
root  on  his  shoulder. 

Kulma  is  the  largest  date  I saw 
in  Sudan,  but  there  are  said  to  be 
only  a few  hundred  palms.  Accord- 
ing to  Tothill  (12),  it  can  either 
be  dried  or  be  made  into  an  excel- 
lent soft  fruit.  The  only  specimens 
I examined,  however,  were  not  very 
prepossessing,  being  semidry  to  dry 
with  coarse,  fibrous  flesh,  in  which 
were  some  rather  tough  portions. 

Med  ina  is  the  earliest-ripening 
variety  in  Sudan.  It  is  handled  and 
consumed  almost  entirely  as  a fresh 
soft  date  and  it  may  be  in  local 
markets  by  July  1 or  earlier.  I did 
not  see  any  of  the  fruit,  but  it  is 
highly  praised. 

CULTURAL  PRACTICES 

Offshoot  Handling:  The  most 

favored  time  for  cutting  and  plant- 
ing offshoots  in  Sudan  is  August 
when  the  Nile  is  nearing  its  high- 
est stage.  February  may  be  a sec- 
ond choice,  but  there  are  some  dif- 
ferences of  opinion  and  in  a coun- 
try where  frosts  are  unknown  the 
exact  time  is  less  important  than 
the  availability  of  water  and  proper 
care.  The  California  type  chisel 
introduced  by  Mason  (5)  is  now  be- 


ing used,  at  least  in  the  Govern- 
ment projects.  More  leaves  are 
usually  cut  from  the  offshoot  than 
in  California,  the  outer  ones  being 
removed  and  3 to  5 in  the  center 
being  cut  back  to  1 to  2 feet  from 
the  bud.  Offshoots  are  protected 
from  the  sun  and  wind  for  the  first 
season  after  planting  by  a cone  of 
date  leaf  sections  with  the  lower 
ends  of  the  midribs  anchored  in  a 
radius  of  about  one  foot  from  the 
offshoot  and  the  tips  tied  together 
just  above  the  top  of  the  offshoot. 
Wraps  of  date  leaves,  fiber,  or  oth- 
er leafy  material  attached  to  the 
offshoot,  common  in  other  date- 
growing countries,  are  said  to  en- 
courage termite  damage.  Offshoots 
from  dry,  or  under-irrigated,  palms 
are  preferred  for  planting,  and 
more  than  once  I noticed  lush 
growing,  old  palms  near  the  river 
with  most  of  their  offshoots  left, 
whereas  those  farther  away  and 
higher  and  drier  had  most  of  their 
offshoots  removed. 

Spacing:  The  Government  has 

for  many  years  recommended  a 
spacing  of  8 x 8 meters.  This  spac- 
ing with  single  stem  culture  is  be- 
ing used  on  the  Government  pro- 
jects. However,  in  the  old  date 
gardens  palms  are  more  closely 
spaced  and  it  has  been  the  prac- 
tice to  leave  several  offshoots  on 
each  p a 1 m,  forming  in  time  a 
clump  of  several  large  stems.  The 
average  number  of  stems  might  be 
3 or  4 per  clump,  hut  it  is  not  un- 
common to  find  a clump  with  a 
dozen  or  more.  These  closely 
spaced  palm  clumps  are  what  one 
sees  all  along  the  banks  of  the  Nile. 
In  some  places,  date  palms  occur 
as  a narrow  fringe,  sometimes  only 
one  or  two  palms  wide,  and  obvi- 
ously suffer  excessive  exposure  to 
wind  and  sun  and  occasional  ero- 
sion by  the  river  in  flood.  Under 
such  conditions  multiple  stems,  or 
stooling,  may  be  advantageous  and 
this  may  be  one  explanation  of  the 
origin  of  the  practice.  However, 
there  is  reason  to  believe  that  in 
regular  orchard  plantings  away 
from  the  river  bank,  as  all  the  Gov- 
ernment projects  are,  the  recom- 
mended wider  spacing  and  single 
stem  culture  are  better.  According 
to  Saved  Atabani,  data  obtained  at 
the  Nuri  Station  showed  that  single 
stem  plantings  produced  higher 
yields  and  better  quality  than  mul- 
tiple stems.  Of  course,  in  the  use  of 
tractors,  spray  rigs,  or  other  heavy 
equipment,  stooling,  with  many 
stems  inevitably  leaning  at  various 
angles,  is  a serious  drawback. 

Interplanting  of  dates  with  cit- 
rus, mangoes  and  other  fruit  trees 
is  not  being  recommended.  How- 
ever, beans  and  other  low-growing 
crops  are  often  interplanted,  es- 
pecially among  young  palms.  Off- 
shoots are  frequently  started  and 
do  well  in  plantings  of  berseem. 

Irrigation:  That  newly  - planted 
offshoots  require  small  amounts  of 
water  at  frequent  intervals  is  every- 
where recognized.  In  Sudan  water 
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is  applied  every  2 or  3 days  for  the 
first  2 or  3 months,  with  somewhat 
longer  intervals  after  that.  Soil 
type  determines  the  most  desirable 
interval,  which  may  vary  from  daily 
on  very  sandy  soil  to  5 or  6 days  on 
very  heavy  soil.  Once  well  estab- 
lished, date  palms  are  seldom  irri- 
gated for  themselves,  but  are  bene- 
fited by  water  given  to  other  crops 
grown  between  them. 

The  oldest,  and  formerly  the 
most  common,  method  of  obtaining 
water  from  the  river  for  irrigation 
is  the  sakieh,  which  raises  it  by  an 
endless  chain  of  earthen  pots  at- 
tached to  a pair  of  ropes.  Propul- 
sion is  usually  provided  by  one  or 
two  oxen  pulling  around  the  outer 
end  of  a long  pole  which  transmits 
power  by  three  great,  geared  wood- 
en wheels.  The  sakiehs,  a pictur- 
esque sight  all  along  the  Nile  often 
mentioned  by  travellers,  are  grad- 
ually being  replaced  by  pumps  in 
Sudan.  Large  pumping  installa- 
tions provide  water  for  all  the  Gov- 
ernment projects  and  I was  im- 
pressed by  the  large  number  of 
abandoned  sakiehs  between  Me- 
rowe  and  Dongola.  In  that  region 
at  least  the  creaking  of  sakiehs  was 
heard  less  often  than  the  chugging 
of  gasoline  engines. 

Fertilization  & Cultivation:  Ma- 
ture date  palms  in  Sudan  are  sel- 
dom fertilized.  Only  when  fertili- 
zer is  applied  to  some  crop  grown 
with  them  do  the  palms  get  any  at 
all.  Manure  is  sometimes  applied 
to  individual  “sick”  palms  with 
beneficial  results.  Weeds  may  be 
kept  down  by  hoeing  for  some 
years  until  the  palm  is  well  estab- 
lished, hut  no  other  tillage  appears 
to  be  done. 

Pruning:  The  only  pruning  is 

the  removal  of  dead  leaves,  usually 
in  the  fall.  Instead  of  being  trim- 
med close  to  the  trunk,  as  in  most 
of  the  date-growing  countries  of  the 
Old  World,  the  long  leaf  petioles 
are  left.  The  tree  climber  uses 
these  petioles  to  ascend  the  palm 
without  a girdle.  The  fact  that 
they  can  be  used  for  this  purpose 
is  evidence  of  a very  dry  climate, 
for  if  the  humidity  and  rainfall 
were  higher  some  of  them  would 
soon  rot. 

Pollination:  For  pollination  3 or 
4 strands  of  male  flowers,  or  sec- 
tions of  strands  cut  or  bent  to  a 
length  of  4 or  5 inches,  are  tied  in 
a little  bundle  with  a piece  of  fiber 
from  the  spathe  or  a leaflet  and  the 
bundle  is  wedged  in  between  the 
strands  of  the  newly-opened  fe- 
male flower  cluster  without  the 
bother  of  tying. 

In  Sudan  pollen  is  commonly 
stored  for  possible  use  the  first  of 
the  next  season  if  fresh  pollen  is 
not  available.  Little  bundles  of 
male  flowers  used  for  pollination 
are  said  to  be  placed  in  baskets  and 
put  in  a dark,  dry  place,  suspended 
sometimes  from  the  ceiling  of  a 
storeroom.  Apparently  it  is  seldom 
necessary  to  use  this  old  pollen,  but 


all  persons  questioned  said  that  it 
was  not  as  good  as  fresh  pollen. 

Variations  among  male  palms  as 
to  time  of  flowering  and  the  pro- 
duction and  effectiveness  of  pol- 
len have  been  observed,  and  off- 
shoots of  selected  males  are  pre- 
ferred to  seedlings,  but  there  are 
no  generally  recognized  varieties 
of  males. 

Fruit  Thinning:  In  Sudan  fruit 
is  seldom  thinned.  Furthermore, 
no  one  complained  of  alternate 
bearing.  This  is  a rather  surpris- 
ing situation  in  view  of  the  well- 
known  behavior  of  the  date  palm 
under  cultivation.  Possibly  some 
alternate  bearing  is  not  recognized 
because  no  individual  palm  records 
are  kept  and  all  palms  are  not  in 
the  same  cycle  so  that  it  does  not 
show  up  in  total  yield  per  garden. 
A more  likely  explanation  is  that 
under  conditions  most  common  in 
Sudan  (no  fertilization  and  usually 
less  water  than  required  for  maxi- 
mum production)  a palm  does  not 
produce  enough  bunches  to  reach 
or  exceed  its  maximum  productive 
capacity.  This  explanation  is  sug- 
gested by  one  informant  on  Mar- 
gasi  Island  who  said  that  a palm 
without  water  would  produce  8 
bunches,  with  water  18  to  24,  but 
if  18  were  produced  one  year  there 
would  be  only  12  to  14  the  next. 

Bunch  Management:  Apparently 
little  or  no  attention  is  given  to  the 
bunches  after  pollination.  Occa- 
sionally, when  the  fruitstalks  have 
about  reached  their  maximum 
length,  the  bunches  may  be  placed 
to  straddle  leaves  or  pulled  down 
below  them  and  supported  by  fork- 
ed sticks  or  by  tying  to  leaves 
above.  Bunch  handling  of  the  few 
soft  dates  grown  seems  to  be  given 
more  attention  than  that  of  the 
dry  dates. 

FRUIT  HANDLING 

The  dry  dates  of  Sudan  are  har- 
vested by  cutting  the  ripe  bunches 
and  dropping  them  to  the  ground 
where  the  fruit  is  stripped  from 
them  and  carried  to  some  court  or 
compound  to  be  prepared  for  mark- 
et. For  further  drying  and  tempor- 
ary storage  the  dates  are  spread  out 
to  a depth  of  one  or  two  feet.  In 
one  such  compound,  which  I visit- 
ed in  December,  the  fruit  was  be- 
ing turned  by  two  men;  one  held 
a wooden  implement  shaped  like  a 
shovel  and  the  other  pulled  a rope 
attached  to  the  handle  just  above 
the  blade  in  a kind  of  plowing  op- 
eration. The  turning  was  said  to 
be  done  about  once  a week  to  pro- 
mote uniform  drying  and  to  dis- 
courage termite  attack.  Fruit  may 
be  held  this  way  from  2 or  3 weeks 
to  2 or  3 months,  depending  on  va- 
riety, season  and  marketing  condi- 
tions. It  is  then  baged  in  70kg. 
(154  lbs.)  burlap  sacks.  During 
November  and  December  I saw 
hundreds  of  these  sacks  stacked 
along  the  banks  of  the  Nile  await- 
ing shipment. 


The  fumigation  of  dates  has  been 
encouraged  by  the  Kareima  Pack- 
ing House  (13),  but  I was  told 
that  still  relatively  few  are  so  treat- 
ed. One  merchant  in  that  vicinity 
showed  me  his  dates  stored  under 
a tarpaulin  used  for  fumigation 
somewhat  as  in  Coachella  Valley. 

Between  Dongola  and  Wadi  Hai- 
fa near  the  native  huts  one  fre- 
quently sees  large  earthenware  jars 
(“qusaibas”)  used  for  storing  dates 
or  grain.  Shaped  somewhat  like  a 
Mexican  olla  except  that  they  are 
a little  broader  at  the  top,  they 
vary  from  about  3 to  6 feet  in 
height.  A flat  circular  slab,  sealed 
at  the  edges  with  clay,  covers  the 
opening  at  the  top.  This  may  be 
taken  off  and  resealed,  as  the  own- 
er of  one  demonstrated;  or  a hole 
may  be  cut  in  the  side  near  the  bot- 
tom and  then  closed  with  fresh 
clay.  In  the  one  opened  for  my  in- 
spection the  dates  were  mixed  with 
ashes  for  insurance  against  the 
spread  of  insects  from  any  infested 
fruit  that  might  be  included.  The 
fruit,  of  course,  is  not  fumigated 
before  being  placed  in  the  storage 
jar. 

PESTS 

Parlatoria,  or  white  date  scale 
(Parlatoria  blanchardi  Targ.),  was 
found  on  date  leaves  in  all  locali- 
ties, but,  with  one  or  two  excep- 
tions, was  never  abundant  enough 
to  cause  any  concern.  Most  of  the 
scales  examined  appeared  to  have 
been  parasitized.  However,  accord- 
ing to  the  Horticulture  Section  of 
the  Ministry  of  Agriculture,  infes- 
tations are  often  serious  enough  to 
warrant  treatment.  “Rogor”  ( di - 
methoate)  applied  during  Novem- 
ber and  December  was  said  to  give 
fairly  good  control. 

Red  date  scale  (Phoenicococcus 
marlatti,  Ckll.)  was  found  on  small 
offshoots  that  had  recently  died  in 
nurseries  and  were  dissected  for 
diagnosis.  Red  date  scale  is  wide- 
spread in  the  date-growing  coun- 
tries of  the  Middle  East  and  oc- 
curs on  all  imported  varieties  in 
California.  It  occurs  mostly  behind 
the  overlapping  leafbases,  where  it 
is  protected  from  high  summer  tem- 
peratures. When  palms  are  in  a 
healthy  growing  condition  it  does 
not  appear  to  do  any  appreciable 
damage,  but  occasional  injury  to 
small  offshoots  in  nurseries  has 
been  reported  (11). 

Termites,  or  “white  ants”,  were 
said  in  many  places  to  be  the  most 
destructive  pests.  I saw  a number 
of  palms  with  their  protective  en- 
crustation all  along  the  trunk,  cov- 
ering the  fiber  and  leaf  axils  up  to 
the  bud  itself.  I was  told  that  ter- 
mites eat  living  palm  tissue  and  are 
responsible  for  severing  fruitstalks, 
thus  causing  fruit  to  shrivel  before 
it  ripens.  I saw  old  fruitstalks  that 
had  obviously  been  severed  by  some 
insect.  In  one  instance  a clump  of 
4 Barakawi  stems,  20  to  30  feet 
high,  showed  serious  injury,  ap- 
parently from  termites.  One  stem 
was  already  dead  and  adventitious 
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roots,  which  extended  5 or  6 feet 
up  the  trunk,  were  completely  plas- 
tered with  termite  covering  carried 
on  to  the  trunk  fiber  above,  while 
another  stem  in  a declining  condi- 
tion was  infested  in  the  same  way. 
The  extent  and  prevention  of  ter- 
mite damage  should  be  investigat- 
ed. 

Red  ants  about  one  centimeter 
long,  seen  in  large  numbers  on  the 
roots  of  a few  palms,  were  said  to 
be  causing  damage. 

Date  mite  ( Paratetranychus  afra- 
siaticus  McGregor),  under  a form- 
er name,  P.  simplex,  was  reported 
in  Sudan  by  Tothill  (12).  Of  the 
many  samples  of  fruit  I examined 
in  different  gardens,  very  few 
showed  evidence  of  this  pest. 

Rats  were  reported  to  cause  con- 
siderable loss  of  fruit  in  a number 
of  places,  particularly  where  large 
clumps  of  old  palms  with  long  leaf 
stubs  formed  ideal  places  for  their 
nesting  and  movement. 

The  saw-toothed  grain  beetle 
( Oryzaephilus  surinamensis  L.)  and 
larvae  of  Ephestia  are  two  insects 
mentioned  by  Tothill  (12)  as  at- 
tacking dates  in  storage.  I found 
a few  specimens  of  what  I took  to 
be  both  pests  in  samples  of  fruit  at 
different  places.  In  markets  visited 
the  percentage  of  bulk  dates  show- 
ing evidence  of  insect  infestation 
was  high. 

DISEASES 

No  evidence  of  any  serious  dis- 
ease affecting  date  palms  was  found 
in  Sudan.  Occasionally  I was 
shown  a single  dead  or  dying  palm, 
but  in  no  instance  any  trouble  that 
appeared  to  be  spreading  or  affect- 
ing other  palms. 

Near  Kareima  I saw  one  palm 
with  symptoms  said  to  be  possibly 
the  “El  Arkish”  disease,  rare  in 
this  locality  but  more  common  in 
Wadi  Haifa.  The  affected  palm 
was  of  the  Kulma  variety,  9 years 
old  and  5 feet  high  to  the  bud.  The 
symptoms  had  begun  to  appear  four 
years  earlier.  Pinnae  were  dying 
at  the  tips  of  the  leaves  and  the 
tips  of  pinnae  were  dyping  along 
the  midrib  for  about  V3  or  V2  the 
length  from  the  outer  end,  giving 
the  palm  a “ragged”  appearance. 
White,  or  chlorotic,  streaks  fre- 
quently extended  longitudinally 
down  the  sides  of  green  pinnae 
with  a sharp  line  of  division  be- 
tween green  and  white.  Where  the 
white  area  was  beginning  to  die, 
the  adjacent  green  was  yellowish, 
often  a stippled  yellow  at  first, 
then  solid  yellow.  There  were  sev- 
eral offshoots  on  this  palm  and  the 
newly  emerging  leaves  on  all  of 
them  were  affected.  Palms  nearby 
were  all  in  a healthy  condition  and 
the  gardener  knew  of  no  other 
palm  in  the  vicinity  with  similar 
symptoms.  One  other  palm  near 
Kulud,  of  the  Barakawi  variety, 
about  10  feet  high  and  said  to  be 
19  years  old,  showed  somewhat  sim- 
ilar symptoms,  but  only  1 of  3 
small  offshoots  showed  the  dying 


back  of  leaf  and  pinnae  tips  like 
those  of  the  parent  palm. 

Specimens  of  affected  tissue  from 
both  palms  were  sent  to  Dr.  J.  Lou- 
vet,  Chief  of  Research,  Station 
Centrale  de  Pathologie  Vegetale, 
Versailles,  France,  who  has  been 
studying  the  bayoud  disease  in 
Morocco.  Dr.  Louvet  found  no 
organism  on  the  specimens  of  Ba- 
rakawi,  but  isolated  a fungus,  Fu- 
sarium  moniliforme,  from  those  of 
Kulma.  As  this  fungus  has  not 
been  observed  on  the  date  palm, Dr. 
Louvet  questioned  whether  it  caus- 
ed the  damage.  If  these  two  palms 
have  symptoms  that  are  typical 
of  the  so-called  “El  Arkish”  dis- 
ease, it  is  apparently  a slow  decline, 
and  its  rare  and  isolated  occur- 
rence gives  no  cause  for  alarm. 

EXPERIMENTAL  WORK 

At  Nuri,  a few  miles  up  the  Nile 
from  Merowe  and  Kareima,  is  a 
50-acre  tract  where  for  many  years 
field  tests  were  conducted  with 
methods  of  irrigation,  fertilization, 
interplanting,  spacing,  offshoot  re- 
moval and  fruit  handling.  The 
principal  varieties  grown  in  Sudan 
are  all  found  there  and  in  single 
stem  plantings.  Some  recommen- 
dations of  the  Horticulture  Section 
of  the  Ministry  of  Agriculture  have 
apparently  been  based  on  work 
done  at  this  station.  At  the  time 
of  my  visit,  however,  it  was  being 
operated  on  a maintenance  basis 
and  I was  unable  to  locate  any  pub- 
lications or  records  of  work  done. 

At  Hudaiba,  near  Atbara,  a new 
experiment  station  has  been  estab- 
lished where  laboratory  facilities 
are  being  provided  and  a research 
staff  is  being  built  up.  Work  has 
been  started  on  citrus  and  vegeta- 
ble crops  and  some  is  contemplat- 
ed with  dates,  but  the  climate  there 
is  less  favorable  for  date  culture 
than  at  Nuri. 

A modern  date  packing  house 
has  been  in  operation  at  Kareima 
since  1959.  It  was  built  and  operat- 
ed for  several  years  under  the  di- 
rection of  Frank  Winter  from  Coa- 
chella Valley  working  under  the 
Food  and  Agriculture  Organiza- 
tion of  United  Nations  (13,14). 
This  packing  house  is  equipped 
for  fumigation,  cleaning,  grading 
and  packing  of  dates,  and  does 
packaging  similar  to  that  done  in 
California.  By-products  such  as 
syrup,  vinegar  and  alcohol  are  be- 
ing produced  on  an  exploratory 
scale.  The  varieties  handled  are 
Gondeila,  Bentamoda,  Mishrig  La- 
gai  and  Mishrig  Khatib  (1)  The 
packing  house  has  done  much  to 
stimulate  interest  in  better  meth- 
ods of  fruit  handling. 

PROBLEMS 

Offshoot  Survival;  Following  the 
recommendation  of  Mason  (5), 
government  nurseries  were  estab- 
lished to  aid  date  growers  in  ob- 
taining offshoots  of  the  best  varie- 
ties by  making  them  available  at 
reasonable  prices  through  selection. 


careful  cutting  and  growth  in  nurs- 
ery before  distribution.  These  nur- 
series have  been  serving  the  pur- 
pose for  which  they  were  estab- 
lished, but  offshoots  have  never 
survived  as  well  as  they  should.  So 
far  as  I could  learn,  except  for  one 
variety,  Mishrig  Khatib,  survival 
has  never  been  as  high  as  90  per- 
cent and  seldom  above  75  percent. 

In  1963  and  1964,  according  to 
the  Ministry  of  Agriculture,  some 
86,000  date  offshoots  were  removed 
from  the  Wadi  Haifa  area  to  save 
them  from  flooding  by  rising  water 
behind  the  Aswan  Dam.  Most  ot 
them  were  Barakawi  with  a con- 
siderable number  of  Gondeila  and 
Bentamoda,  the  best  varieties 
grown  commercially  in  Sudan  and 
all  in  constant  demand  for  planting. 
The  offshoots  were  planted  in  6 
different  nurseries.  It  is  estimated 
that  less  than  8 percent  of  them 
survived.  This  represents  a tre- 
mendous loss  and  was  a matter  of 
much  concern  in  the  Ministry  of 
Agriculture.  Lake  Nasser  in  1965 
was  only  about  half  the  depth  ex- 
pected after  the  completion  of  the 
dam,  and  it  was  estimated  that 
along  the  river  above  Wadi  Haifa 
perhaps  as  many  more  offshoots 
as  were  previously  cut  could  be 
salvaged  if  removed  in  1966. 

I visited  all  the  government  nur- 
series (Gureir,  Kulud,  Gabha,  Don- 
gola,  Borgeig  and  Bauga),  made 
detailed  examinations  of  conditions 
and  discussed  with  various  officials 
involved  the  manner  in  which  the 
Wadi  Haifa  offshoots  were  handled 
and  the  methods  regularly  employ- 
ed in  the  different  nurseries.  The 
results  with  offshoots  from  Wadi 
Haifa  were  the  same  in  all  of  them. 
Yet  offshoots  of  the  same  varieties 
obtained  from  local  government 
schemes  and  planted  in  June  and 
July,  1965  were  surviving  about  the 
same  as  usual  with  varying  results 
in  different  places.  This  indicated 
that  handling  in  the  nurseries  was 
not  primarily  responsible  for  the 
high  mortality  of  the  Wadi  Haifa 
offshoots. 

All  evidence  indicated  that  the 
extremely  poor  survival  of  Wadi 
Haifa  offshoots  was  due  primarily 
to  the  length  of  time  that  elapsed 
between  cutting  and  planting  (as 
much  as  30  to  40  days)  and  the 
high  temperatures  to  which  they 
were  exposed  during  this  period. 
For  5 days  the  offshoots  were  en- 
closed in  a metal  railroad  car.  Un- 
favorable conditions,  which  to  vary- 
ing degrees  in  the  different  nurs- 
eries may  have  contributed  to  the 
low  survival  of  offshoots,  were: 
heavy  soil,  grass  and  weed  growth, 
small  offshoots  planted  too  deep, 
failure  to  prune  back  long  roots, 
and  red  date  scale  (11). 

Wind  Damage:  In  July,  1965  an 
estimated  5000  date  palms  in  the 
Gurier  Scheme  alone  were  blown 
down  by  a single  wind  storm.  Many 
still  lay  where  they  had  fallen. 
Others  had  been  split  into  quarter 
sections  lengthwise  and  were  stack- 
ed up  drying  for  use  as  timber.  No 
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part  of  the  date  palm  goes  to  waste. 
Numerous  palms  were  propped 
with  poles  to  prevent  falling.  Wind 
damage  is  apparently  an  occasional 
hazard  that  must  be  reckoned  with 
in  the  date-growing  areas  of  Sudan. 

I have  not  seen  or  heard  of  any- 
thing quite  like  it  anywhere  else 
in  the  Middle  East,  but  similar 
damage  on  a much  smaller  scale 
has  occurred  in  the  Coachella  Val- 
ley of  California. 

Date  Grades:  A system  of  grad- 
ing is  needed  in  the  marketing  of 
bulk  dates  in  Sudan.  In  the  same 
lot  will  be  found  dates  of  all  sizes 
and  conditions,  along  with  broken, 
mashed,  or  dirt  - covered  fruit. 
There  is  much  evidence  of  insect 
infestation.  That  the  public  might 
accept  some  grade  standards  is  sug- 
gested by  the  fact  that  the  merch- 
ants themselves  set  different  prices 
for  different  lots  of  bulk  dates  that 
obviously  vary  in  average  quality. 
In  the  date  market  in  Omdurman 
I saw  one  merchant  taking  out  the 
largest  and  best  dates  from  a sack 
of  Barakawi.  When  asked  what 
he  would  charge  for  the  two  lots 
he  was  separating,  he  said  40  pias- 
ters a ruba  (11  lbs.)  for  the  select- 
ed Barakawi,  24  piasters  a ruba  for 
the  others.  Fumigation  would  be  a 
prerequisite  to  grading  and  better 
storage  would  be  encouraged,  thus 
reducing  insect  infestation,  which 
is  a source  of  considerable  loss. 

Trained  Personnel:  Sudan  has 

made  considerable  progress  since 
its  independence  in  1956,  and  there 
are  dedicated,  well-trained  men  in 
Government  service,  some  with  ad- 
vanced degrees  from  American  uni- 
versities, but,  in  agriculture  at  least, 
there  is  great  need  for  more  men 
with  good  scientific  educational 
background  combined  with  thor- 
ough knowledge  of  the  crops  grown 
and  some  experience  in  handling 
them.  If  a trained  expert  in  date 
culture  had  been  responsible  for 
the  removal  of  offshoots  from  Wadi 
Haifa,  the  almost  total  loss  of 
transplanted  of  fs  hoots  probably 
would  not  have  occurred.  Perhaps 
this  lack  has  kept  the  Nuri  Station 
from  being  more  effective  in  test- 
ing and  adapting  to  local  condi- 
tions cultural  practices  already 
proved  by  research  and  experience 
elsewhere  to  be  of  value  in  improv- 
ing the  growth  and  production  of 
date  palms.  With  trained  person- 
nel backed  by  a stable  government, 
there  should  be  a good  future  for 
date  culture  in  Sudan. 
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PROGRESS  REPORT:  CHEMICAL  AND  HISTOLOGICAL  STUDIES 
OF  TOUGH  AND  TENDER  'DEGLET  NOOR'  DATES 

By  C.  W.  COGGINS,  JR.,  L.  N.  LEWIS  and  J.  C.  F.  KNAPP 

Department  of  Horticultural  Science 
University  of  California,  Riverside 


Tough  (dry)  'Deglet  Noor’  date 
fruit  have  been  recognized  as  a 
problem  for  many  years  in  the 
California  date  industry.  Rygg  (5) 
reported  that  it  is  not  uncommon 
for  as  much  as  30  per  cent  of  the 
crop  to  be  dry  enough  to  require 
hydration.  His  report,  that  dry 
grades  represented  80  to  90  per 
cent  of  the  1947  crop,  indicates 
that  the  problem  occurs  in  a more 
severe  form  in  some  years. 

Methods  of  grading  dates  rapid- 
ly and  accurately  and  faster,  more 
reliable  methods  of  converting 
tough  dates  into  tender  products 
are  needed  to  realize  the  full  bene- 
fit of  recent  and  anticipated  ad- 
vances in  mechanization  of  har- 
vest and  packing  operations. 

The  problem  of  tough  dates  is 
being  investigated  at  the  Riverside 
Campus  of  the  University  of  Cali- 
fornia under  financial  support 
from  the  U.S.  Department  of  Agri- 
culture. The  general  research  plan 
is  (1)  to  determine  the  significant 
chemical  and  histological  differ- 
ences between  tender  and  tough 
Deglet  Noor  dates  and  (2)  to  use 
chemical  and  histological  differ- 
ences  as  a basis  for  research  on 
tenderization  of  the  tough  grades. 
This  report  describes  some  recent 
chemical  and  histological  compari- 
sons of  firm  and  soft  date  fruit 
tissue. 

CHEMICAL  STUDIES 

Number  1 dry  (tough)  and  nat- 
ural (tender)  dates  obtained  from 
the  1965-66  crop  and  the  1966-67 
crop,  as  well  as  fruit  of  different 
stages  of  maturity  from  the  1966- 
67  crop,  have  been  subjected  to 
analyses  for  moisture,  reducing 
sugars,  sucrose,  pectin  fractions, 
lignin,  hemicellulose  fractions  and 
cellulose.  All  data,  except  for  mois- 
ture, have  been  evaluated  as  per 
cent  composition  on  a dry  weight 
basis. 

Studies  by  paper  chromatogra- 
phy and  thin-layer  chromatogra- 
phy indicate  that  sucrose,  glucose, 
and  fructose  were  the  only  soluble 
sugars  extracted  from  the  tissue. 
Reducing  sugars  (glucose  and  fruc- 


1 Report  of  work  done  under  Con- 
tract No.  12-14-100-8871  (74)  with 
the  U.S.  Department  of  Agriculture. 
The  contract  is  supervised  by  the 
Western  Utilization  Research  and  De- 
velopment Division,  Agricultural  Re- 
search Service. 


tose)  were  present  in  relatively 
low  concentrations  from  kimri  (tur- 
gid and  green)  to  khalal  (turgid  and 
red)  stages  of  maturity,  but  in- 
creased sharply  from  the  first  stage 
of  softening  to  the  tree-ripe  stage. 
Sucrose  levels  increased  to  a high 
point  at  approximately  the  half- 
khalal  stage  and  then  decreased  as 
the  tree-ripe  stage  was  approached. 


These  data  are  in  close  agreement 
with  results  reported  by  Rygg  (4). 

Number  1 dry  fruit  had  a lower 
moisture  content,  a higher  sucrose 
level,  and  a lower  amount  of  re- 
ducing sugars  than  the  lots  of  nat- 
ural fruit.  Approximately  the  same 
level  of  total  sugars  was  found  in 
the  two  grades.  These  results  are 
in  good  agreement  with  reported 


FIGURE  1.  Transection  from  equatorial  zone  of  Deglet  Noor  date  fruit  (X417). 
A Kimri  stage  B Tree-ripe  stage.  Note  intact  cell  walls  in  kimri  stage  and  broken 
cell  walls  in  tree-ripe  stage.  Cell  walls  of  tough  grades  are  similar  to  A while 
cell  walls  of  tender  grades  are  similar  to  B. 
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studies  of  tough  and  tender  grades 
of  dates  (2,  3,  5,  7). 

Several  authors  (2,  3,  5,  7)  have 
suggested  that  a relatively  low  con- 
centration of  reducing  sugars  in 
tough  dates  occurs  as  a result  of 
the  fruit  drying  on  the  palm  before 
sufficient  invertase  activity  has 
taken  place  to  give  the  sugar  com- 
position that  exists  in  tender  grades 
of  dates.  The  implication  is  that 
inversion  occurs  during  maturation 
and  ripening  and  that  at  least  one 
phase  of  the  ripening  process  (in- 
version) has  been  partially  inhibit- 
ed because  of  a moisture  deficiency 
in  fruit  tissue.  Continued  trans- 
location of  sucrose  into  the  matur- 
ing fruit  where  invertase  activity 
becomes  low  could  easily  account 
for  reducing  sugar  values  of  tough 
grades  being  similar  to  those  of 
kimri  or  khalal  stages  of  maturity, 
while  total  sugar  content  is  similar 
to  that  of  tender  grades  of  tree-ripe 
dates. 

Rygg  (6)  has  suggested  the  possi- 
bility that  inversion  is  less  of  a 
factor  in  quality  than  other  hydro- 
lytic reactions  which  may  occur  at 
the  same  time  that  inversion  occurs. 
Although  Maier  and  Metzler  (2, 
3)  have  demonstrated  that  addi- 
tional invertase  activity  will  soften 
firm  dates,  they  recognized  the 
possibilty  that  other  enzymes,  prob- 
ably present  in  the  tissues,  became 
operative  under  conditions  favor- 
able for  invertase. 

It  seems  unreasonable  to  assume 
that  all  of  the  textural  differences 
are  due  to  differences  in  moisture 
levels  and  relative  concentrations  of 
sucrose  and  reducing  sugars.  It 
does  not  necessarily  follow  that  a 
routine  fractionation,  which  by  ne- 
cessity is  somewhat  empirical,  and 
chemical  assay  for  cell  wall  mater- 
ial will  show  these  differences.  In 
fact,  our  data  from  number  1 dry 
and  natural  dates  did  not  give  us 
clear  differences  in  pectin  fractions, 
lignin,  hemicellulose  fractions  and 
cellulose.  When  these  same  methods 
were  used  to  evaluate  relative  a- 
mounts  of  polymers  in  various 
stages  of  maturity,  substantial  de- 
creases in  pectin,  hemicellulose  and 
cellulose  were  seen.  Most  of  these 
changes,  however,  occurred  between 
the  kimri  stage  and  the  first  stage 
of  softening.  Very  little  change  was 
seen  from  the  first  stage  of  soften- 
ing to  the  tree-ripe  condition. 


It  appears,  therefore,  that  avail- 
able fractionation  procedures  of 
alcohol-insoluble  solids  tell  us  very 
little  about  factors  that  are  respon- 
sible for  textural  differences  be- 
tween natural  and  number  1 dry 
dates. 

HISTOLOGICAL  STUDIES 

Tissue  from  various  grades  and 
various  stages  of  maturity  of  the 
1966-67  crop  were  fixed  in  FAA, 
carried  through  standard  histologi- 
cal procedures,  stained  with  safran- 
in-fast  green,  and  examined  with  a 
light  microscope. 

Representative  conditions  are 
shown  in  photomicrographs  (Fig- 
ure 1)  of  tissue  from  kimri  dates 
and  tree-ripe  dates.  When  tissue 
of  tree-ripe  fruit  is  compared  with 
tissue  from  immature  dates,  it  is 
obvious  that  a considerable  loss  of 
cell  wall  structure  has  occurred. 
These  differences  are  in  agreement 
with  the  findings  of  Long  (1).  He 
concluded  that  the  change  in  tex- 
ture during  ripening  is  due,  in  part, 
to  walls  of  the  mesocarp  cells  be- 
coming thinner  and  weaker  and 
apparently  being  hydrolyzed  until 
some  of  the  cells  had  almost  dis- 
integrated. 

Long  did  not  study  the  various 
grades  of  dates,  but  our  studies  in- 
dicate that  tougher  dates  (number 
1 and  number  2 dry  grades)  have 
a structure  similar  to  that  of  kim- 
ri or  khalal  stages  of  maturity  as 
far  as  intact  cell  walls  are  con- 
cerned while  waxy  and  natural 
grades  (tender  dates)  contain  many 
broken  cells.  In  many  cases,  cells 
of  the  tender  dates  are  fractured 
and  more  highly  disorganized  than 
cells  of  the  tree-ripe  dates.  It  ap- 
pears, therefore,  that  histological 
studies  can  be  used  to  show  a clear 
reason  for  textural  differences 
based  on  differences  in  structural 
strength. 

The  less  mature  and  the  tougher 
dates  may  be  firmer  because  the 
parenchyma  cells  possess  rigid,  in- 
tact walls.  Vascular  bundles  and 
tannin  cells  occur  in  the  mesocarp, 
and  the  mesocarp  is  bordered  by  a 
more  or  less  continuous  layer  of 
stone  cells  (between  the  hypoder- 
mal  layer  and  the  mesocarp).  This 
architecture  could  provide  consid- 
erable structural  strength.  Intact 
parenchyma  cells  may  hold  the 


stone  cells,  the  vascular  bundles 
and  the  tannin  cells  in  fixed  posi- 
tions against  relatively  high  forces, 
whereas  parenchyma  cells  in  vari- 
ous stages  of  structural  disorgani- 
zation would  provide  a relatively 
weak  and  fluid  medium  through 
which  vascular  strands,  tannin  cells 
and  stone  cells  could  flow.  The  net 
result  may  be  a medium  that  is 
softer  and  apparently  less  “fibrous”. 

Although  chemical  studies  show 
no  clear  differences  between  grades 
in  structural  materials  such  as  pec- 
tins, hemicellulose  and  cellulose, 
histological  studies  suggest  that 
pectinase,  hemicellulase  and  cellu- 
lase  should  be  tried  in  a search  for 
tenderization  methods.  Physical 
measurements  as  well  as  histology 
should  be  used  to  evaluate  the  ef- 
fectiveness of  tenderization  treat- 
ments. 
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MEMBERSHIP  ROLL  1967-19681 


SUSTAINING  MEMBERS: 

Brown,  T.  R.,  Route  2,  Box  81  Thermal 

Date  Administrative  Committee,  Box  764  Indio 

D.  G.  of  Industrial  Planning, 

Ministry  of  Industry  Baghdad,  Iraq 

Furr,  J.  R.,  U.  S.  Date  & Citrus  Station, 

44-455  Clinton  St.,  Indio 

Ministry  of  Agriculture,  Seed  & Plant  Improvement 

Institute,  197  Fisherabad  Ave.,  Teheran,  Iran 

Shields  Date  Gardens,  80-225  Highway  111,  Indio 

Swingle,  Leonhardt,  44-566  Swingle  Ave.,  Indio 

Weinert,  A.  H.,  Smoke  Tree  Ranch,  Palm  Springs 
Yowell,  Hillman,  43-900  Oasis  Ave.,  Indio 


REGULAR  MEMBERS: 


Adams,  Burnham,  8703  Rindge  Ave.,..  .Playa  del  Rey 

Adohr  Farms,  1801  S.  La  Cienega  Blvd Los  Angeles 

Allen,  Sarah  M.,  Box  1416 Indio 

American  Date  Gardens,  c/o  V.  Nussbaum, 

2737  E.  Coast  Hwy.,  Corona  Del  Mar 

Anderson,  Mrs.  Lee,  Sr.,  Box  908  Coachella 

Azhderian,  Leo,  6864  W.  Clinton,  Fresno 

Baker,  Donald  & Rowena, 

319  E.  Randolf  St.,  Glendale 

Baza  Ventura,  Inc., 

37-593  Thompson  Road Cathedral  City 

Berryman,  Harley,  P.  O.  Box  882,  Bard 

Blackburn,  R.W.  & Sons,  Route  2,  Box  266,  Thermal 
Boyar,  Louis  H.,  8447  Wilshire  Blvd., 

Suite  412,  Beverly  Hills 

Buxton,  Steve,  Route  1,  Box  214,  Thermal 

California  Date  Growers’  Assn., 

P.  O.  Drawer  HHH,  Indio 

Carpenter,  John,  U.  S.  Date  & Citrus  Station, 

44-455  Clinton  St.,  Indio 

Carreon,  Dr.  R.  J.,  Box  CC,  Indio 

Cashin,  E.  A.,  Route  5,  Wayzata,  Minn. 

Cavanaugh,  H.  L.,  76-353  Hwy.  Ill, Palm  Desert 

Chernus,  John,  80-795  Hwy.  Ill,  Indio 

Christian,  E.  L.,  Box  252,  Indio 

Clark,  William  J., 

37165  Palm  View  Rd., Cathedral  City 

Clayton,  Erthie,  Route  1,  Box  46,  Coachella 

C.  M.  B.  G.  Ranch — J.  C.  Pixton, 

P.  O.  Drawer  YY,  Indio 

Coachella  Date  Producers,  81-370  Date  Palm,  ..Indio 

Coachella  Ranches,  51-064  Monroe  St.,  Indio 

Coachella  Valley  Fruit  Co.,  Box  833, Indio 

Codekas  Bros.,  Drawer  E,  Indio 

College  of  the  Desert, 

43500  Monterey  Ave.,  Palm  Desert 

Crocker-Citizens  National  Bank 

457  So.  Spring  Street,  Los  Angeles 

D Bar  B,  1400  Driftwood  Dr.,  Palm  Springs 

Diemer  & Oberlin  Pontiac,  Illinois 

Dixon,  W.  L.  Co. — Pete  Dondero 

81-931  Victoria  St.,  Indio 

D.  S.  & W.  (D.  H.  Mitchell),  Box  833,  Indio 

Dunlap,  D.  D.,  Box  322,  Thermal 

Eastes,  Ivan,  Route  1,  Box  47W Indio 

Eastslope  Ranch,  75-475  Desert  Park  Dr.,  Palm  Desert 

Edwards,  Dick  & Edith,  Box  819,  Palm  Springs 

Elmer,  Harold  S.,  12  Entomology, 

University  of  California  Riverside 

El  Mima  Date  Garden 

P.  O.  Box  170,  Alice  Springs,  Australia 

Embleton,  Tom  W.,  209  Horticulture  Bldg., 

University  of  California  Riverside 

Ensley,  Harold,  P.  O.  Drawer  1787,  Indio 

Eoff,  Esel  C.,  Route  1,  Box  334D, Thermal 

F&R  Ranch — K.  W.  Ranney 

12550  Brookhurst,  Suite  J, Garden  Grove 

Fair  Acres  (D.  H.  Mitchell),  Box  833,  Indio 

Five  Mile  Ranch,  (D.  H.  Mitchell),  Box  833,  . Indio 


1 All  addresses  California  unless  otherwise  specified. 


Franklin  Ranch — James  Gimian,  Box  328,  Coachella 
Fruit  & Food  Tech.,  Research  Institute, 

Chief Stellanbosch,  South  Africa 

Gibbs,  Gordon  E.,  c/o  A.  L.  Cooke 

Route  1,  Box  62  Coachella 

Gibbs,  John  (Springboard  Farms) 

P.  O.  Box  16  La  Quinta 

Hanson,  Charles  R.  (Imperial  Date  Garden) 

641  E.  26th  PI.  Yuma,  Ariz. 

Harvey,  Fred,  Box  127  Death  Valley 

Hilgeman,  Robert,  Univ.  of  Arizona, 

Citrus  Branch  Station  Tempe,  Ariz. 

Hopland,  A.  N.,  Route  1,  Box  47  K Indio 

Hrabetin,  Frank  G.,  1300  E.  Comity  Circle,  La  Habra 

Hughes,  Larry,  1320  Thayer  Ave Los  Angeles 

J & M Ranch — Marjorie  B.  Crommelin, 

Smoke  Tree  Ranch  Palm  Springs 

Jamison,  Homer  B.,  Route  1,  Box  101  Coachella 

Jarvis  & Gebhardt,  Route  1,  Box  181  Thermal 

Jarvis,  E.  C.,  Route  1,  Box  180  Thermal 

Jenkins,  Paul  G.,  Box  661  Indio 

Johnson,  Delbert,  Route  1,  Box  232  Thermal 

Jones,  O.  A.  (Art),  P.  O.  Box  298  .. Bryn  Mawr 

Keck,  Albert  P.,  Co.,  Drawer  FFFF  Indio 

Kennedy  Bros.,  Box  275  Indio 

Kitagawa,  Paul,  Route  2,  Box  111  Thermal 

Kroeger,  Ed.,  81-517  Highway  111  Indio 

L & L Ranches,  75-475  Desert  Park 

Drive  Palm  Desert 

Laflin,  Ben,  Sr.,  P.  O.  Box  757  Thermal 

Laflin,  Ben,  Jr.,  P.  O.  Box  757  Thermal 

La  Quinta  Hotel,  Box  77  La  Quinta 

Lauderbach,  Leon  W. 

18832  Oak  Ridge  Dr Santa  Ana 

Leslie  Ranch  Nurseries,  Route  1,  Box  51  B Indio 

Lesser,  Dr.  Joseph,  73-960  El  Paseo  Palm  Desert 

Lindgren,  David  L.,  Univ.  of  Calif., 

Citrus  Res.  Center  Riverside 

Livingston,  Walter,  1310  Wilshire  Blvd.,  Los  Angeles 
Lluvia  De  Oro  Ranch — Irl  H.  Buxton 

4056  Williams  Ave La  Verne 

Lockwood,  Paul,  P.  O.  Box  1448  Indio 

Loma  Verde  Ranch,  51-064  Monroe  Indio 

Longley,  Dr.  E.  G.,  Route  2,  Box  75  Thermal 

Loud,  A.  R.,  P.  O.  Box  2039  Pomona 

Lundberg,  Carl — Gold  Acres 

924B  S.  Orange  Grove  Pasadena 

M.  B.  M.  Ranch,  Box  833  Indio 

M & R Ranch  (D.  H.  Mitchell),  Box  833  Indio 

Marshburn  Farms,  P.  O.  Box  529  Norwalk 

Marx,  Donald,  P.  O.  Box  1478  Palm  Springs 

McLain,  V.  C.  Estate,  P.  O.  Box  94 Wasco 

McLeod,  Rose  L.,  622  Main  St Lewiston,  Idaho 

Mitchell  Date  Gardens,  P.  O.  Box  833  Indio 

Mitchell,  Donald  1 1..  Box  833  Indio 

Moran,  Ronald  E.,  75-740  Highway  111,  Palm  Desert 

Muhs,  Arthur  B.,  Box  Y Palm  Springs 

Netzley  Bros  , P.  O.  Box  343  La  Puente 

Newsom,  Willis — N & N Ranch 

18151  Williams  Hwy Grants  Pass,  Oregon 

Nicoll,  R.  C.,  Valerie  Jean,  66021  Hwy.  86,  Thermal 
Nixon,  Roy  W.,  U.  S.  Date  & Citrus  Station 

44-455  Clinton  St Indio 

Oasis  View  Ranch,  75-475  Desert 

Park  Dr Palm  Desert 

Odium,  Bruce  W.,  Box  787  Indio 

Odium,  Floyd  B.,  P.  O.  Box  FFF  Indio 

Olesen,  Kay,  P.  O.  Box  205  Palm  Desert 

Olson,  Edward  O.,  U.  S.  Date  & Citrus  Station 

44-455  Clinton  St.  Indio 

Oro  Del  Sol — D.  Stevning,  51-064  Monroe  Indio 

Patterson,  K.  K.,  81-370  Date  Palm  Ave Indio 

Pierson,  Rollins,  7845  Torreyson  Dr Los  Angeles 

Pinyan,  R.  A.  & Margaret,  81-710  Miles  Ave.,  Indio 

Pixton,  Doris  I.,  P.  O.  Drawer  YY  Indio 

Portola  Ranch.  Box  833  Indio 

Prairie  Ave.  Gospel  Center,  c/o  Carl  Pike, 

13600  S.  Prairie  Ave Hawthorne 

Preston,  Richard  D., 

17656  Santa  Teresa  Fountain  Valley 
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Pryor,  Anna  K.,  P.  O.  Box  157 Rancho  Mirage 

Puls,  J.  H.  Ranch,  72-789  Bel  Air  Rd.  ..Palm  Desert 

Rancho  Del  Rey,  Box  833  Indio 

Rancho  El  Centro,  Box  833  Indio 

Rancho  Ramona,  c/o  Harboe  Mng.  Serv. 

P.  O.  Drawer  1787  Indio 

Rancho  Sonora,  c/o  Harboe  Mng.  Serv. 

P.  O.  Drawer  1787  Indio 

Remy,  R.  H.,  Apartado  Postal  22 

Saltillo  Coahuila,  Mexico 

Reuther,  Walter,  Dept,  of  Hort.  Science 

Univ.  of  Calif Riverside 

Richardson,  H.  B.,  Hort.  Science  Bldg. 

Univ.  of  Calif Davis 

Riverside  Co.  Agric.  Commissioner 

4080  Lemon  St Riverside 

Robinson,  Donald,  U.  S.  Dept,  of  Agric. 

45-235  Towne  Indio 

Rogers,  David  A.,  Route  1,  Box  271  Winterhaven 

Rummunds  Bros.,  Box  726  Thermal 

Rutherford,  Paul,  Route  1,  Box  73  Coachella 

Rygg,  G.  L.,  Box  700  Pomona 

S.  & G.  Ranch — G.  K.  Ranney 

12550  Brookhurst,  Suite  J Garden  Grove 

Schmid,  Thomas,  Route  1,  Box  35  Coachella 

Schmid,  Walter,  7931  Lampson  Ave Garden  Grove 

Schmid  & Strehle,  7931  Lampson  Ave.,  Garden  Grove 
Sehuman  Co.,  404  N.  Roxbury  Dr., 

Suite  815  Beverly  Hills 

Schwartzburd,  Martin,  11509  Duque 

Drive  Studio  City 


Shearer,  S.  K.,  511  Toyopa  Dr Pacific  Palisades 

Sieman,  Evelyn  M.,  Box  44  Palm  Desert 

Skar  Ship  Corp.,  21  West  St New  York,  N.  Y. 

Smigel,  George  E.  Corp.,  2017  Granville,  Los  Angeles 

Snow,  Dr.  Rodney  H.,  301  20th  St Santa  Monica 

Soloro  Ranch,  c/o  W.  Murphy, 

P.  O.  Box  632  San  Jose 

Stock,  Edward  and  Pat,  Route  1,  Box  720. ...Thermal 
Strehle,  Joseph,  355  West  8th  Ave.,  Eugene,  Oregon 
Swingle,  Mrs.  Walter  T.,  2241  Durant  Ave. 

Apt.  15  Berkeley 

Tall  Palms  Ranch — D.  Mitchell,  Box  833  Indio 

Thielemeir,  Lawrence  G.,  Box  265  Santa  Ana 

Urick,  W.  E.  Ranch,  5142  Los 

Diegos  Way  Los  Angeles 

U.  S.  Date  & Citrus  Station,  44-455  Clinton  St.,  Indio 
Valley  Center  Ranch,  75475  Desert 

Park  Dr Palm  Desert 

Waggoner  Bros.,  Route  1,  Box  190  D Thermal 

Ward,  Edith  E.  (Dorado  Ent.  & Project  65) 

73-661  Highway  111  Palm  Desert 

Watsul  Leach  Ranch,  P.  O.  Box  86  Rancho  Mirage 
Webb,  Robert  W.,  Jr.,  8 Warm 

Sands  PI Palm  Springs 

Westerfield,  James  P.,  Col.,  Box  595  Mecca 

Wilson,  Gwynn,  75075  Highway  111 Palm  Desert 

Yost,  Leland  J.,  Route  2,  Box  124  Thermal 

Young,  Dr.  Forrest  O.,  460  Marion  Rd Redlands 

Zimmerman  Ranch,  P.  O.  Box  124  Thermal 
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